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CIVIL SERVICE EXAMINATIONS for assistant engi- 
neers for the New York Rapid Transit Commission will 
be held on May 14. This examination will be in technical 
knowledge, experience, mathematics and writing a report, 
and will be for engineers for grades A, B and C, carrying 
salaries of $1,200, $1,500 and $1,600, respectively. All 
who pass this examination will be eligible for appoint- 
ment to grade A, and will be so notified. A second examin- 
ation will be held at a later date, at which those who 
have passed this examination may appear, if they desire, 
and be examined for either grade B or grade C, but not for 
both. This examination will be entirely on technical 
questions. For more detailed information regarding the 
character and scope of the examination application should 
be made to F. G, Ireland, Chief Examiner, Municipal 
Civil Service Commission, New Criminal Court Building, 
New York city. 


THE HIGH MASONRY DAM KNOWN AS THE WA- 
chusett dam of the Metropolitan Water-Works will be 
placed under contract early this summer. This dam is to 
be built across the Nashua River near the town of Clin- 
ton, Mass. It will be founded upon rock, and will require 
about 225,000 cu. yds. of masonry for its construction. At 
the level of the crest the distance across the valley is 
about 1,250 ft., but the total length of the dam, including 
the waste weir, which is placed at an angle with the 
dam, will be about 1,400 ft. In the deepest part of the 
valley the top of the dam will be 140 ft. above the bed 
of the river and 200 ft. above the rock. At the base the 
dam will have a thickness of about 175 ft., and at the top 
of a little more than 20 ft. The depth of earth excavation 
in the bottom of the valley will be about 60 ft. The 
works for protecting the excavations from the water in 
the river have already been constructed to a large extent. 
it is expected that the granite for the dam will be ob- 
tained from an undeveloped quarry now owned by the 
Metropolitan Water Board, within two miles of the site ot 
the dam. The above information was furnished by Fred- 
erie P. Stearns, M. Am. Soc. ©, E., Chief Engineer of the 
Metropolitan Water Board, who states that due notice of 


the letting will be given in the advertising columns of 
this journal. 


> 


PLATE GIRDERS 107 FT. LONG have recently been 
erected on the Chicago & Western Indiana R. R., carry- 
‘ng that line across the Chicago & Northwestern Ry. The 
C. & W. 1. R. R. had formerly a long single track trestle 
on tse western city limits of Chicago, but this has now 

I bullt as a double track embankment, with plate 
girder bridges on concrete abutments, as noted in our is- 
suc ot Jan. 11. Some of the abutments are faced with 
‘ stone, while others are left with the natural 
concerto socing. The design of the abutments is more 

, i ‘0 that of some others which have been built 

material. They were designed and built by 
> company, The steel bridges were built by the 

ridge Co., of Chicago, who sublet the erection 
Construction Co., also of Chicago. 
i “ders, 107 ft, long, are 10 ft. deep over the 


chord angles, and had to be shipped flat, as they could 
not be got out of the shops in any other way. They were 
supported at the middle in such a way as to allow the 
cars to traverse under them in passing around curves. 
The centre girder (for double track) weighs 52 tons, and 
the girders were erected by means of two 60-ton derrick 
cars, one at each end of the span. Mr. E. H. Lee is Chief 
Engineer of the C. & W. I. R. R., and Mr. F. K. Vial is 
Assistant <ngineer. 


A MEXICAN PACIFIC COAST LINE has recently been 
located by the Mexican Central Ry., extending from the 
Continental Divide, near Zapotlan, to Colima and Man- 
zanillo. The latter is a port on the Pacific coast, with a 
narrow gage line to Colima, 6) miles. The new line is to 
be standard gage, and will make the descent on a grade 
of 2%, with 6° curves of 30-meter chords, which are 
equivalent to 9° curves with 100-ft. chords. There will 
be 13 tunnels, 12 bridges or trestles and 30 miles of heavy 
work. The line has been obtained by much hard work 
and many trials of alternate lines, and is said to be 
probably the easiest line that will ever be found from 
the table lands of Mexico to the Pacific coast. For the 
above particulars we are indebted to Mr. Lewis Kingman, 
M. Am. Soc. C. E., Chief Engineer of the Mexican Cen- 
tral Ry. 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was the derailment of a passenger train while round- 
ing a sharp curve just east of Gastonville, Pa., on the 
Baltimore & Ohio R. R., on May 4. Investigations made 
after the accident showed that a spike had been placed on 
the rail in such a manner as to cause the locomotive to 
jump the track. The locomotive tender and baggage car 
left the rails, and ors man was killed, another fatally 
injured and a third painfully bruised and scalded. None 
of the passengers were hurt. 


A LADLE FULL OF MOLTEN IRON was overturned 
on a trestle at the works of the Illinois Steel Co., Chi- 
cago, on May 4. The iron is taken from the blast furnaces 
to the converting department in cars holding about 10 
tons of metal and operated by electricity on an elevated 
track, beneath which a number of men were working at 
the time of the accident. The car jumped the track on 
the trestle, but the foreman shouted to the men beneath 
and they all got away, though eight of them were badly 
burned by the flying metal. 


4- 


AN EMPLOYES’ PENSION PLAN is being considered 
for the Chicago, Milwaukee & St. Paul Ry. system, em- 
ploying about 24,000 persons. The plan proposed is similar 
to that in operation on the Pennsylvania and the Balti- 
more & Ohio railways. 


SHAG ROCK, in San Francisco harbor, was blown up on 
April 30 by 18,000 Ibs. of nitro-gelatine, loaded in 34 
holes. This obstruction to navigation, containing 3,800 cu. 
yds. of rock, is now believed to be entirely broken up, 
ready for removal, says the San Francisco ‘‘Call.’’ 


2 
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THE REORGANIZATION OF THE U. S. NAVAL OB- 
servatory is the purpose of a bill now before Congress, 
though it is almost too late for action, unless it should be 
passed as an amendment to the naval appropriation bill. 
The present movement practically originated in the work 
of Profs. Pickering, Comstock and Hale, who were ap- 
pointed a committee to obtain the opinion of American 
astronomers upon the methods of the observatory. The 
result was a report to Secretary Long recommending a 
change in organization. The Secretary then asked these 
same gentlemen to examine the Naval Observatory, and 
added Senator Chandler and Representative Dayton to the 
committee. This last committee has submitted a report to 
the Secretary, and he approves of the following recom- 
mendations: That it is not now feasible to separate the 
observatory wholly from the navy, but there should be a 
change in organization and its entire administration 
should be in the hands of an astronomer. There should 
also be a civilian corps of astronomers in charge, instead 
of military officers, and there should be a board of visi- 
tors. One of the features condemned was the naval law 
compelling the retirement of officers at 62 years of age, 
just when they were at the maturity cf their powers as 
astronomers; civilian appointments would correct this. 
Senator Lodge advocates the appointment of astronomers 
to the navy and a retiring pension, just as is now done 
with civil engineers; he opposes civilian control, fearing 
that politics will make itself felt in the department. 


+ 


VARIATIONS IN THE LATITUDE OF NEW YORK 
city have been observed for the seven years 1893-99 at 
Columbia University by Prof. J. K. Rees and his associ- 
ates, Messrs. Jacoby and Davis. The purpose of this work 
is to trace the oscillation of the earth's axis in relation 
to the Pole Star. During the seven years 6,518 measure- 
ments have been made of pairs of stars; and a diagram 
for this period has been made showing six general rises 
and falls, with periods of grand oscillation ranging in 


length from 12 to 18 months, and from .15 to .40 of a 
second of arc in extent. The extreme difference between 
the highest and lowest single observations is .70 second 
The variation in latitude of .01 of a second of are repre 
sents an oscillation of the earth's axis of 10 ft. away from 
or towards the pole of the heavens; and these observa 
tions show that while in some years the variation of axis 
was only 150 ft., in other years it was over 400 ft. 

EDUCATION IN COMMERCE occupied the attention of 
the 132d annual meeting of the New York Chamber of 
Commerce. This matter has been considered for some 
time by a special committee, of which Mr. Seth Low is 
chairman, and this committee has outlined a plan given 
briefly as follows: It proposes to found a collegiate course 
in commerce in counection with Columbia University. The 
course would be adapted to students from 16 to 20 years 
of age, who on entering shall have a competent knowledge 
of English, mathematics, history and modern languages 
The course, in addition to commercial subjects, would 
include further progress in English and modern European 
languages, European and American history, politica) 
economy and social sciences. lt would also offer oppurtu 
nity for the study of industrial chemistry and a second 
or third European language. The course would be four 
years of 15 hours per day. Under the head of commerce 
in the four years would be included: Principles and prac 
tice of financial and commercial bookkeeping, economical 
geography, hydrography, meteorology, etc.; history and 
development of commerce; study of commercial products, 
sources of raw materials; extension of economic civiliza 
tion; technique of trade; commercial law; commercial 
relations of the continent; merchant shipping and trade 
routes; foreign commercial law; taxation and finance, at 
home and abroad; statistics and sociology; commercial 
treaties, etc. 


A NEW YORK STATE COMMERCE CONVENTION is 
to be held at Syracuse, N. Y., on June 6 and 7. The ob 
ject of this second annual meeting is to consider matters 
relating to the commerce and manufactures of New York 
State; and, incidentally, ‘‘the laws and usages of business 
which now make for progress or hinder it."’ Any state 
organization for trade or commerce having 20 members 
may send one delegate, and ten delegates for the first 650 
members, and one for each 200 members above 65U. Ali 
further information may be obtained by addressing Frank 
S. Gardner, Secretary, 203 Broadway, New York city. 


* 


THE EXPORTS OF MANUFACTURES for March, 1900, 
amounted to $44,767,139. This is the greatest month's ex- 
port record in our history. The export for March, 1S», 
was $36,100,231; and for March, 1806, $10,125,725. For 
the nine months ending March, 1900, the value of exports 
of manufactures was $315,275,065, as compared with $163, - 
187,935 for the nine months ending March, 1806. This in- 
crease is in almost every important line, including scien- 
tific instruments, fiber manufactures, chemicals, paraffine, 
agricultural implements, leather goods, copper and iron 
and steel. The latter show an increase in the last nine 
months from $67,212,605 to $86,912,155. 


A TRADE SECRET DECISION has recently been 
handed down by the German courts which is of consider- 
able interest. The foreman of a German factory invented 
a substance used by his employer in finishing ‘“‘rustling’’ 
velvet. The foreman imparted the composition of thie 
substance to other makers and was sued by his employer 
and found guilty by the lower court. The defense was 
that the foreman had only parted with his own invention, 
which was his intellectual property. The case was ap- 
pealed to the federal courts and dismissed on the follow- 
ing grounds: The court heid that the foreman was em- 
ployed by the firm and his invention was only a part of 
the service he owed his employers. Only an employe 
would be intrusted with the experiments leading to such 
an invention; and by virtue of the facilities granted, 
which an outsider would not have, he made his invention, 
and made it in consequence of his employment, for which 
he was paid. The court held that in imparting the secret 
to strangers he violated the German law for ‘“‘the suppres- 
sion of base coimpetition.”’ 


> 


THE PER CAPITA MONEY CIRCULATION of the 
United States, says the U. S. Treasury Department, was 
larger on April 1, 1900, than ever before. For the first 
time in our history the per capita circulation has crossed 
the $26 line, and the total money in circuiation on that 
date was $2,021,274,506. On April 1, 1896, this total was 
$1,528,620,463, showing an increase of $492,645,043 in 
four years in the total money in circulation. With an 
estimated population of 77,395,000 the per capita circula- 
tion would be $26.12, as compared with $21.53 in 1896. 
The money in circulation on April 1, 1896, was made up 
as follows: Gold and gold certificates, $785,845,549; sil- 
ver and silver certificates and Treasury notes issued in 
1890 for the purchase of silver bullion, $631,133,689. In 
1896, the gold in circulation amounted to $489,151,505, 
and the silver, as above, to $558,524,447. 
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THE 4EAVIEST PASSENGER LOCOMOTIVE EVER BUILT 
DELAWARE, LACKAWANNA & WESTERN BR. R. 


In our issue of Nov. 9, 1899, we illustrated and 
described the large ten-wheel locomotive built for 
fast passenger service on the Lake Shore & Michi- 
gan Southern Ry. This notable engine weighed 
171,600 Ibs. without its tender, and the tender 
weighed 112,000 Ibs. loaded, making a total weight 
of 283,600 Ibs. for the engine and tender complete. 
At the time this locomotive was described we 
called attention to the fact that it was the largest 
and heaviest ten-wheel passenger engine that had 
ever been constructed, but we hinted also that, in 
view of the present tendency of American rail- 
ways to build enormously heavy engines for pas- 


crank pin is 6% x6 ins.; the coupling pin is 7x4% 
ins., and the main pin wheel-fit is 73% ins. The 
driving axle wheel-fit is 9 ins., and the truck axle 
wheel-fit is 6% ins. 

The tender has a length of 21 ft. over bumper 
beams, and has an under frame of steel channels. 
It is carried by Brooks 100,000-Ib. trucks, with 
triple elliptic springs. The tender axle boxes are 
all connected by piping with the water tank. The 
tender has a housing and roof at its forward end, 
which telescopes inside the fireman’s cab on the 
engine. The tank is of the horseshoe type, with a 
length inside of 19 ft. 6 ins., a width of 10 ft., and 
a height not including the collar of 5 ft. 

As previously stated these engines were built 
at the Brooks Locomotive Works, Dunkirk, N. Y., 


ALS. 


MANUAL CONTROLLED AND AUTOMATIC < 


By Alexander Holley Ruda.* 

In the report of Mr. E. C. Carter, Chier eer 
of the Chicago & Northwestern Ry., to ¢ ter. 
national Railway Congress, the followin: s 

In conclusion, it may be said that ines ‘ 
traffic, with high-sp trains, an er ply 
trolling movement would be: 1st. Interlockin 
all points where there are switches in the main "th, 


home or advance signals being electrically s| a 
track circuit through the succeeding block. Tr 
be supplied with indicators to give informatio: , 
trains in the adjoining blocks. 2d. Auton or 
signals placed as required to properly space tra tf 
between the interlocking plants. Such S 


a syste 
mit of the heaviest traffic movement, with sea 
safety, with the least detention, and at the lea: te 
protection. for 


The two manual controlled Systems, i: 


TEN-WHEEL PASSENGER LOCOMOTIVE; DELAWARE, LACKAWANNA & WESTERN R. R. 


senger service, this distinction was likely to be 
only a temporary one. True to this anticipation 
we have received from the Brooks Locomotive 
Works a photograph and a list of the general di- 
mensions of a ten-wheel passenger engine whose 
weight exceeds materially that of the previous 
giaat among passenger locomotives. This latest 
engine has a total weight of 179,000 lbs. without 
the tender, and the tender loaded weighs 120,000 
Ibs. more, making a combined total weight of 
299,000 Ibs., or nearly 150 tons for the engine and 
tender, which is 15,400 lbs. more than the cor- 
responding weights of the Lake Shore & Michigan' 
Southern engiae. 

To enable a further general comparison of these 
two huge locomotives we have presented some of 
the principal dimensions of both in the following 
table: 


Driving wheels, diameter.... 5 ft. 0% ins. 6 ft. 8 ins. 
Wheel base, driving......... 14“ 0 16 
Weight on drivers........... 137,000 Ibs. 133,000 Ibs. 

ms total engine......... 179,000 171,600 

= engine and tender.... 299,000 ‘* 283,600 ** 
Compound or simple......... Simple. Simple 
20 x 28 ins. 20 x 28 ins 
Boiler, diameter............. on. % “ 5 ft. 6 
Boiler pressure...........+++ 210 lbs. 210 Ibs. 
127x 97 ins. 121 x 41 ins. 
Tubes, 350 345 

2 ins. 2 ins. 

13 ft.10% “ 4 
Date described in Eng. News. Present. Nov. 9, 1899. 


It is quite evident from these figures, even with- 
out any of the knowledge which we actually have 
of the differences between the two roads on which 
they operate, that the two locomotives were de- 
signed to work under different conditions. 

The general appearance of the new Delaware, 
Lackawanna & Western R. R. engines is shown by 
the accompanying half-tone view engraved from a 
photograph. Altogether seven of these engines 
have been built for the road. In outside dimen- 
sions the engine is 38 ft. %4-in. over all, and the 
engine and tender together are 60 ft. 10% ins. 
over all. Referring to separate details it will be 
noticed first that the steam dome is inclosed by 
the cab-housing. The valves are of the improved 
piston type of the builders, and are 10 ins. in 
diameter. It will be noticed that the boiler is 
braced both back and forward. The piston-rod is 
extended through the front end of the cylinder, 
and has metallic packing. It is 4 ins. in diameter. 
The main rod is 10 ft. 2 ins. long. The main 


Brooks Locomotive Works, Builders. 


to whom we are indebted for the matter from 
which this description has been prepared. The 
general dimensions and other particulars which 
have not already been noted are given below in 
our standard form: 

Dimensions of Ten-Wheel Passenger Locomotives: 


Delaware, Lackawanna & Western R. R. 
Running Gear: 


Wheel Base: 
Driving, 14 ft.; total emgine.............. 2 ft. 3 ins. 
Total engine and tender.................. 50“ 10% 
Weight in Working Order: 
Connecting rod, length between centers....10ft. 2 “ 
Inside lap, 1-16 ins.; exhaust clearance......... 1-16 “ 
1-16 ins., neg. 
Steam Ports: Length, 20% ins.; width.............. 2 ins. 
Conical connection wagon top. 
Barrel, diameter of 
Thickness, barrel plates..... %, 13-16, %, % and 9-16 “* 
Circumferential Trip 
Height from rail to center line............... 9 ft. 6 ins. 
Length of smokebox from flue sheet.......... a ” 
Spark arresting device............0s. Perforated plate. 
Length, inside, 10 ft. 7 ins.; width, inside... .8 ft. 1 in. 
Depth at front, 5 ft. 1 in.; depth at back...... 4“ 2 ins. 
Thickness, side plates, %-in.; back plates......... %-in. 
Thickness, crown plates, %-in.; tube sheet........ ” 


Mud ring, width back and sides, 3% ins.; front... .4 ins. 
Tubes: Charcoal iron, No 


Thickness, No. 12, B. W. G., diameter outside....2 ins. 
Length over tube plates.................- 13 ft.10% “ 
Heating Surface and Grate Area: 

Heating surface, tubes...........seeeeeeees 2,520 sq. ft. 

Miscellaneous: 

Exhaust nozzle single permanent. 

4%, 5 and 5% ins. 


“ “e 


distance below center boiler.113-16 ‘“ 
Smokestack, diameter at top, 14% ins.; at base. .16% “ 


Height above 2 ft. 5 

is Westinghouse..... For tender and train service. 


use in this country, may be briefly descril.d as 
arrangements of electrical and mechanica! de- 
vices so applied to interlocking machines actu- 


ating block signals, that clear signals cannot bh 
given without the co-operation of signalmen at 
both ends of the block, together with the actua 


passage out of this block of at least a part of th. 
train; and so arranged that the failure of any part 
of the apparatus will prevent the display of a clea: 
signal. 

The mechanism of the locking cabinet is so de- 
signed that after the operator has moved the plun- 
ger which closes the unlocking circuit, and re 
leases the levers of the tower in the rear, he may 
not again operate it until he has pulled his own 
signal clear, and restored it to danger. To guard 
against this being done before the approaching 
train has passed this signal, a short traek circuit 
is installed adjacent to the latter, the operation 
of whose relay is also necessary before the plunge 
is released. A long sleigh driven over a crossing 
has been known to operate such a relay, anid other 
causes may (though they rarely do) accomplish 
like results, leaving everything dependent upon 
one operator. 

Several methods are known to experts of ‘‘cheat- 
ing’’ the machines, and a number of them have 
been mastered by the ingenuity of operstors 
None of them will be mentioned here for 0! ious 
reasons, although it may be said in passing, »ith- 
out disclosing state secrets, that duplicate keys 
are a great aid to such performances, whic!) are 
indulged in usually for the purpose of conc: aling 
mistakes on the part of operators, or of saving 
delays when instruments are out of order 

One dangerous possibility exists: Should a train 
break in two, and an operator careless, or busy 4! 
the wire, fail to note the absence of markers, he 
may restore his signals to danger after th's first 
part of the train has passed, thus releasin~ his 
plunger, and then permit towerman in the rear 
to admit a following train under clear signa : 

This defect was overcome in an_ insta!’ ‘tion 
through the Harlem Line Tunnel in New ‘ork 
in 1892, under the direction of Mr. C. H. ‘att 
(then General Manager of the Terminal), | the 
use of continuous track circuits, in conr ‘!2 
with electric slots on the signals, which r- red 


*Signal Engineer, D., L. & W. R. R., Hoboke 1 

late Signal Engineer, Hy-tford Division, N. Y.. 

H. R. R. 
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ager automatically, on the passage of a 
kept them out of the operator’s control 
entire train had cleared the block. A 
_missive” system was provided for use 

» the first for any reason failed, and was 
duplicate of it except that track instru- 
re substituted for the track circuits, 
al conditions rendered difficult of main- 
While an ideal system for this place, 
all requirements as nothing else could 
.ajority of roads would justly regard it as 
nsive for general use. It, however, cov- 
feature of parted trains completely, 

. revolution in the methods and modes of 

‘ion of the existing block systems, and so 
ited a great step in advance. 
are other disadvantages inherent in the 
controlled systems, few and small it is 
it still disadvantages, which should be 
ed in a fair consideration of the subject. 
interlocking tower it may be necessary to 
. train in on a siding to clear for a train of 
class following. Under one of the con- 
systems, if by any chance this entire train 
the cleared advance signal before backing 
= signal must, of course, be restored to dan- 
fore the fast train can be admitted to the 
block In the rear, and a second unlock for it can- 
not be had, because as far as the automatic de- 
viees are concerned, the first train has entered and 
has not left, at the far end, the block they pro- 
tect. With the other system this trouble occurs if 
the advance signal has been unlocked, and any 
part of the first train passes it. Therefore the 
fast train must be stopped and given a clearance 
card. On some roads, to avoid this delay, hand 
signals are given at such times; but this practice 
is a reprehensible one, as misunderstandings may 
occur, and if any trouble results the stories of the 
engineer and operator may conflict. The former 
should receive a card order to proceed, for his own 
protection. 

In one of the systems mentioned a slide in the 
instrument to be unlocked is kept normally in 
such a position that the unlocking circuit remains 
open. A misplunge at the unlocking end may 
be rectified, and subsequent “‘plunges’’ made until 
an unlock is had, if the slide is in the position 
noted. If, however, it is in the second or unlock- 
ing position, and a misplunge is made; or if after 
an unlock the slide is allowed to slip back, a fail- 
ure results, and the approaching train is of neces- 
sity stopped. With the other system a poor 
plunge cannot be rectified, and if an unlock is 
given in error the instrument remains free, which 
in certain eventualities might result seriously. 

The first-mentioned system requires two wires 
besides the bell or telegraph line between towers, 
the action of lightning and foreign currents being 
provided against in the slide already referred to. 
The second system requires three wires besides the 
bell circuit, and these should be insulated to pro- 
tect from foreign crosses which, if the common 
wire should chance to be grounded, might unlock 
erroneously. 

In the first system open circuit batteries can be 
used for the unlocking circuit, and the usual grav- 
ity battery for electric locks and track circuits; 
with the other, gravity battery is used through- 
out. In either case less battery is required than 
with the automatic system. 

The maintenance cost of the automatic and 
manual controlled is probably about the same, but 
the expense of operation of the latter far exceeds 
the former, and for this reason blocks are fre- 
quently longer than the prompt handling of traffic 
requires. Let us suppose, for instance, the estab- 
lishment of a controlled block system in the open 
country, on a line having few switches, with a 
u every two miles, obviously the capacity of 


a o0-mile road is limited to a maximum of 25 
‘rains each way, attained only when all travel at 
the same rate. With varying speeds, delays to 


‘nother will be continuous. If an auto- 
‘stem of like arrangement has been estab- 

© capacity may be doubled, by making 
xs a mile long at a general cost of $200 
pe ‘| if overlaps are used, or $400 per block 
ng distant signals, or a total of $800 per 
ick block. 
Ma controlled simple block towers would 


cost at least $1,000 each to erect, and the main- 
tenance would be practically the same as with the 
automatic system, but the operation would require 
at least two men during the twenty-four hours, 
whose wages at a minimum of $30 per month 
would total $7,200 per year for each tower added. 

If one of these block operators is disabled or 


‘takes his rest while on duty (and on cold winter 


nights when the fire is hot, the lights dim and low, 
and trains few and far between, such trips to the 
land of nod have been made), delays at least are 
caused, if nothing worse. The writer remembers 
the case of a train waiting five minutes at a sig 
nal, when the conductor entered the tower to In- 
vestigate, tearing the operator from the arms of 
Morpheus, with a yell of “What in ———— is the 
matter here?” and receiving the sudden and start- 
ling reply, ‘“‘There’s a horse in the block.” Ob- 
viously the operator had the nightmare. 

Under such circumstances one stop is necessi- 
tated, and delay ensues until the operator can 
get back to earth and act intelligently. If, how- 
ever, the operator deliberately prepares for his 
journey, he will get an unlock from the man on 
each side of him, and clear his signals before he 
“wraps the drapery of his couch about him, and 
lies down to pleasant dreams,” in which case the 
train must stop for a caution card at the rear 
tower, and proceed under control to the “sleeping 
beauty,” and to be on the safe side it should not 
proceed,on finding signals clear, but the conductor 
should personally ascertain the cause of the fail- 
ure, and be certain that the block ahead is clear. 
This means a consid2rable delay with two stops— 
and such cases are not unusual, 

Now on the other hand the advantages of the 
manual controlled system, if properly installed, 
are manifold. Trains are absolutely spaced, en- 
ginemen cannot run signals without detection, and 
‘permissive blocking” is only allowed when the 
apparatus is seriously out of order. If the locks 
fail, the bell code remains. If this latter also gives 
out, the telegraph is usually still available, al- 
though in some places it is the practice to save 
wages, by employing operators at interlocking 
towers only, relying on the bells at other points. 

If trains are disabled or wrecked, aid may 
quickly be summoned and trains on parallel tracks 
stopped and protected. Any dangerous defects in 
the condition of passing trains may be noted, and 
reported to the tower in advance, and in this man- 
ner a system of patrols is established which can- 
not obtain under the purely automatic system. 

The most complete arrangements provide tow- 
ers at each main line crossover, while minor 
spurs and sidings are electrically locked, and 
placed in this way under control of the nearest 
towerman, who can accomplish their release only 
after he has set and locked his signals at danger. 

Automatic signals have reached such a stage 
of perfection that at present a false clear indi- 
cation occurs not oftener than once in 900,000 or 
1,000,000 signal movements, and on the other hand 
one train is stopped in every 5,000 to 6,000 move- 
ments. The average percentage of failures on the 
Hartford Division of the N. Y., N. H. & H. R. R. 
has been 1.15 per signal per year for the past 
three years, and 1.25 per signal per year for the 
past four years. So that their reliability can no 
longer be questioned, and they are ideal signals 
for block working where lines are free from 
switches. 

The protection of «hese latter is, however, in- 
complete. At each One an indicator is installea 
showing the position of the protecting signal. It 
a visual indicator is provided, trainmen may fail 
to notice it, and it is easily broken by trespassers. 
If a bell is used, it may fail to ring through some 
breakage or poor adjustment, and a train ready 
to come out of a siding, for instance, has no warn- 
ing of the other train, which may have already 
passed this protecting signal at clear. 

The indicators serve two purposes, showing 
either train in block, or that signal has taken 
danger position in response to the switch move- 
ment. 

In some late installations the latter feature is 
omitted, and indicators are arranged to operate 
when a train approaches within a thousand feet 
or so of the protecting signal. This leads to com 
plication of circuits, and is done solely to cover 


a chance which might be presented once in a life 
time; namely, that of an engine passing the signal 
at the very instant when a switch is opened, and 
the engineer and switchman each thinking that 
his own act causes its operation. 

Some managements favor the idea of setting the 
signals before the engine reaches theni, so that 
the engineer may see them operate. Allowing 
sufficient distance for high speed trains may mis 
lead slow ones; in any case this practice prevents 
the possibility of stopping a train at the last mo- 
ment in emergencies, and forces the constant pass 
ing of signals at danger, which is a bad habit for 
engineers to acquire, and is unnecessary where re 
liable signals are use. 

It is claimed that enginemen may disregard au- 
tomatic signals without check, as no towerman 
is near to report them. It has been our expe- 
rience that a very little discipline of the proper 
sort prevents this entirely, and  geners! 
grounds a man will not rush into danger unneces 
Sarily. While the rule of waiting a prescribed 
time may not always be adhered to, still a stop is 
made, and caution exercised until the block is 
passed. Permissive signaling is practiced, as a 
train is allowed under the rules to proceed after 
waiting this time interval,and engineers receive no 
nformation as to the cause of the danger indica 
tion, in both of which features the manual con 
trolled system is superior. On the other hand, it 
a train is disabled, aid may reach it under the 
automatic system more quickly than if the follow 
ing train is held at a tower-until the flagman gets 
back to it. 

Among the advantages of the automatic system 
it may be noted that a portion of a train left in a 
block is fully protected; cars on sidings fouling 
the main line for any cause, and broken rails,* 
cause the danger indication; and delays due to the 
lapses of operators are unknown. 

Now let us see what advantages may be gained 
by combining .some of the features of the two 
systems. 

After an automatic block system has been in- 
stalled, it is often found necessary to provide in- 
terlocking at important points. It is the common 
practice to leave the block system as originally 
installed, and make the interlocking signals en- 
tirely separate and additiunal (virtually switch 
signals within the block), and unnecessary delays 
occur through trains being held at block signals, 
perhaps half a mile or more, away, while the 
junction is being used by others. This condition 
led to a careful study of the subject, and the in- 
stallation of a plant in 1895 under the writer's 
Supervision to overcome these and other difficul- 
ties. 

Others working along similar lines had attained 
somewhat like results, at that time unknown to 
me, so that it cannot be claimed that the scheme 
is entirely a novel one; but it contains some new 
features which may interest the reader. Devices 
already in use for distinctly different purposes 
were employed, the circuits being a combination 
of well-known principles formerly applied to ac- 
complish other ends. The results, which are noted 
below, were so satisfactory that the System was 
further extended, and has now been given a sue- 
cessful trial under varying local conditions, at 
isolated towers with automatic block signals on 
either side; and between towers, the automatic 
signals taking the place of the slotted advance sig- 
nals suggested in Mr. Carter’s repyrt, hereinbefore 
quoted. These cases cover all conditions to be 
met. In the accompanying diagram, automatic 
distant signals and overlap sections have been 
omitted for simplicity of description, though one 
or the other would of course be used. 

Should tower K be a distributing point for east- 
bound trains, with facing switches, etc, these 
trains would be announced and described from the 
next station or tower west. Take the example of 
a train proceeding on the eastbound track. Sig- 
nal No. 1 is set by passage of train, and clears 
when rear passes No. 2. No. 2 is set by entrance 
of train into block, and an indicator is dropped 
in tower K, at which point are also located hand 
switches, normally closed, and in circuit with sig- 
nals 2 and 3A, by means of which these latter 
may be set at danger when necessary, both, how- 
ever, being normally clear, although the normal 
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danger principle is entirely applicable. When in- 
dicator No. 2 drops, operator clears signal No. 3, 
and 3D, unless 3A is at danger, in which case 3D 
is electrically locked at caution. 

When train passes No. 3 signal, No. 2 does not 
clear from the track circuit automatically, but 
lever No. 3 must be put home (setting signal No. 3 
at danger), and lever latch 3 also put normal. Be- 
fore this latter is quite down, it is locked by an 
electric lock operated from a track circuit between 
signals 3 and 3A, and cannot be pulled again un- 
til the rear of the train has passed 3A, when 3 
may again be cleared, but 3D is held at caution 
until the train has passed signal 4 (operated in 
the same manner as 3 just noted). The placing 


2. Unlocking of instruments is impossible, as 
the automatic devices are beyond control of the 
operators, or if within reach, any tampering will 
result in the signals indicating danger. 

Home signal locks may be withdrawn mechani- 
cally, but not electrically, if local conditions make 
this imperative for conducting switching, etc., or 
they may be so arranged as to make this impos- 
sible. 

3. By cutting the track circuits at distant sig- 
nals, check locks may be so applied that after a 
train has passed a distant, with the home at clear, 
the latter may be put to danger, but the route 
cannot be released until the train has entirely 
passed it. Special releasing buttons may be sup- 


And 


A COMBINATION OF AUTOMATIC AND MANUAL-CONTROLLED SIGNALING SYSTEMS. 


of 4 to danger clears 3A, which in turn releases 
3D for a second train. 

Suppose the train, after passing signal 2, takes 
siding W, instead of running through. If W is 
electrically locked from the tower, the trainman 
uses the bell code, and the operator, in order to re- 
lease the switch, must put signal 3 to danger and 
operate the hand switch referred to, which opens 
circuit 2 and then unlocks switch W. As soon as 
the train has cleared fouling point, and switch 
W is closed, the tower switch is again thrown, 
signal 2 is cleared, and switch W is 'ocked. Oper- 


plied to cut these locks out if it is necessary to 
change the route, which, however, can be done 
only after the operator’s attention has been di- 
rected to any attempted error. 

4. The delay noted above incident to running 
by advance signals, and then backing into siding, 
is eliminated, while at the same time the advance 
is automatic in its action, having all the advan- 
tages of an electric slot, combined with simplicity 
of design, and less liability of failure. Even 
should such a failure occur, distant signal cannot 
be cleared with advance at danger, as in the case 


6. Sleighs, and operators placing wi; 
the rails, will not unlock, but will set sj 
during the period of the cross only. LL). 
it has any effect at all, will tend to cle 
nal only during the passage of the fla 
set it permanently at danger, by fusj; 
tions. 

7. All chances of operators § misplu: 
plunging in error, letting slides slip, et 
tirely eliminated, because these device 
employed, the levers doing this work. 

8. Delays caused by trains taking sidiy, 
ing disabled, are reduced to a minimun 
automatic system; while, at the sam: 
switches are protected as weil as by t 
controlled system, with the further ac 
guards of indicators located at them. 

9. If automatics are out of order, op. 
at once notice them in a majority of 
frequently repairs can be made before 
rives; while at the same time a check is 
gineers running past signals, except 
are three blocks between towers, for th. 
dicators will show the condition of signa 
side when the train passes them. 

10. The watching of trains for dang+: 
ures is fairly well covered, the better, . 
where towers are frequent. 

11. No more battery is required than : 
ating the simple automatic system. 

12. The danger of operators sleeping \ 
nals clear is reduced to a minimum, for : 
is stopped at the last automatic before : 
the tower, and (the advance also workine 
matically), the space between home ani 
is the only part left unprotected, while the . 


neces 
ator may then clear signal 3 for next train, and of slot failures (except in the rarest instance when are overwhelmingly against an operator s): eping 
also 3D if 3A is clear. If switch W is not electri- a failure occurs after the distant has been cleared, if this short block directly in front of his tower is 
cally locked, then the conductor of a train taking and even in this case the indicator reveals the occupied by a train. 
the siding will announce the move on bell in tower. condition, and a watchful operator will set his 13. Additional blocks may be installed on the au- 
The operator will then place signal 3 at danger, distant before a train reaches it). tomatic system with no cost except for the ba: 
and signal 2 will clear as soon as the train is clear 5. Nearly all the devices are simpler in design teries, relays and signals themselves. 
of the main track. When the indicator shows this than those of the purely manual controlled sys- 14. Dictinctive signals are provided for al) indi 
to operator, he may clear 3 for the next train. tems, and the remainder are not more complicated. cations. A semaphore distant; a semaphore hon 
Trains coming out of siding will receive per- The same number of wires is required as in one of (of different design, and with a distinctive ligit) 
mission by bell from operator before leaving, and them, namely, two, besides the common and bell and a “banjo,” or an electric semaphore (whic! 
the act of throwing the switch W will set sig- wire, where towers are adjacent; but with auxil- varies from the standard manual controlled sema 
nal 2. iary blocks these wires are not continuous, the phore), for a block signal. The first, if set, mecns 
The same methods of procedure would be fol- intermediate blocks requiring none. For instance, “caution,” the second, “stop,” until cleared or a 
4 
Elevation. 
: f | vad 
1 J es Ga 
2 
< 
Southerly Clearance Line of Bridge Property 
FIG. 1.—MASONRY TERMINAL OF APPROACH. 
lowed in case of siding X, protected by advance none would be required between 1 and 2, or be- clearance card is given; and the third usually 
signal 7A, except that the movement of the sema- tween 7A and 9 (except for the bell between X “wait a prescribed interval and then proce! °au- 
phore lever 7 would be unnecessary. Should sig- and tower K). tioously unless clear indication is displaye: . 
nal 3 be cleared before train passes signal 2, the When through wires are employed only one need A point raised against “banjo” signals is |: ils- 
latter signal would not be set at danger until be insulated, any crosses, except between the two tinctness of indication under certain con!) ns 
train passes it; but after it has been soset, 3 must main wires, resulting in the danger indication, and As the semaphores distant is the key to the wid 
be put to danger and locked there (if train runs even if these mains should by any possibility get tion, and gives warning if the automatic set, 
through), and the entire train must be off circuit together, the advance signal would set automati- this difficulty is obviated. 
2 before the latter will clear again. cally, and would clear when entire train passed The millennium of signaling will come, wh: ich 
Now to what degree are the strong and weak the home signal at the next tower, but without perfection is attained that a false clear in: ion 
points, inherent to the two general systems in forcing the operator there to put the latter todan- will be unknown; failures of other kinds be 
question, embodied in the above described com- ger. Still his indicator would call his attention so rare that time lost in station stops, de! ‘e 
bination? to the fault at once, and such troubles are quickly ; 


1. Parted trains are fully protected. 


located. 


motive power, heavy,trains, etc., cannot s-: 
attributed to “delayed by signals”; and ° 
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—_ q ut of order,” when received, will not 
ros ~-pairman until a glance ts had at the 
ar i to determine what was ahead—a de- 


‘ion from present practice. 


\PPROACHES FOR THE NEW EAST RIVER 
BRIDGE AT NEW YORK CITY.* 


(With two-page plate.) 

trate in the accompanying cuts and on 
ze vlate, this week, some of the typical 
details of the viaduct approaches for 
t i Hast River Bridge, now under construc- 
sew York city. There will, of course, be 
saches, one to each end of the bridge 
proper, which terminates at the anchor- 
ther side of the river. The New York ap- 
.ill be much the longer of the two, and 
vi in in round numbers 12,000 tons of steel- 
ind “here will be only 6,000 tons of steelwork 
a ooklyn approach. Bids for supplying and 
this steelwork, and the masonry sub- 
which goes with it, will be received by 

i neers until May 31, 1900, and our illustra- 
ich reproduced direct from the printed plans 
ifications which have been issued to pros- 

4 bidders. These illustrations, with the ab- 
Irse : of the specifications, which are given fur- 


will show the details of the approach 

per corure. Its general character may be described 
as follows: 

sig \¢ the inshore end each approach will be made 


tr = 


huilding enclosing walls of masonry, together 
ing with stairways, ete., and filling the space between 
uls with selected earth carefully rammed, on 


vane which the readway material, paving, etc., can be 
inces laid. This masonry portion of the approach is 


ping chown for the New York end of the bridge by the 
er is -oneral plan and elevation, Fig. 1. From the river 


q £ 


end of the masonry, acting as an abutment, the 


side of this three-story thoroughfare there is a 
double trolley car track, and outside of these 
tracks a roadway for horse vehicles. The road- 
ways and trolley car tracks hold the same relative 
positions the entire length of the approach, but 
as they approach the anchorages the bicycle paths 
and footways gradually rise until at the anchor- 
age they have become the same and are nearly at 
the level of the elevated railway track. 

It will be seen from the preceding general de- 
scription that the approach structures consist of a 
number of distinct parts, which may be defined 
roughly as follows: (1) The masonry terminals; 


foundations of each row there is a curb wall run- 
ning parallel with the bridge axis. From the foun- 
dations rise the two rows of columns carrying the 
elevated railway tracks, and between the parallel 
curb walls is the bicycle track. Adjacent to the 
bicycle track on each side come two lines of trol 
ley car tracks, and outside of these and separated 
from them by a double curb wall come the two 
roadways. The haif transvere section, Fig. 6, 
shows the details of the bicycle track and road 
wiy arrangement just described, except the ele- 
vated railway structure, which is indicated by 
Fig. 3. 
' 


FIG. 6.-HALF TRANSVERSE SECTION OF APPROACH AT TERMINAL. 


(2) the viaduct structure proper; (3) the roadway 
and track framework surmounting the viaduct 
Structure; and, (4) the anchorage framework. The 
distinction between these several parts is not 
sharply drawn in a number of details, but it is 
clear enough in a general way to permit of its 
being used without much error in describing the 
structural work of the approaches, and the divi- 
sions adopted will be employed in the following de- 
scription. This description, it may be stated here 
also, refers particularly to the New York ap- 
proach, but it will serve equally as well in all im- 
portant features for the Brooklyn approach. 
Masonry Terminals. 

The general construction of the masonry ter- 

minals is quite clearly shown by Fig. 1. Begin- 


The several thoroughfares mentioned are con 
tinved across Attorney St. on a plate girder struc 
ture consisting of six parallel 5S-ft. plate girders 
spaced 22 ft. 6 ins. apart for the roadways, 25 ft 
6 ins. apart for the trolley tracks, and 22 ft. apart 
for the bicycle path at the center. The columns 
for the elevated railway structure are carried d 
rectly on the top chords of the two center girders 
The floor system consists of trough sections of th: 
form shown by Fig. 7. 

Across Attorney St. the masonry structure be 
gins again and continues to the west side of Rida: 
St. Except that this masonry contains a longi 
tudinal interior subway under the bicycle path for 
a footwalk, it resembles closely that of the prea 
ceding section described above. It will be noticed 


e au- approach continues as a steel viaduct to the an- ning at the street level at Clinton St., two retain- that this footwalk subway begins at grade at At 
bat chorage. Across the top of the anchorage a spe- ing walls, parallel to the axis of the bridge, 111 torney St., Fig. 3, and gradually rises as it ap 
jal construction will be employed to support the ft. 6 ins. apart ec. to c., and increasing gradually proaches Ridge St., from which it has double 
in 
git) 
neans 
i 
| 
Elevation. | 
Fig. 5.—Transverse Section of Ap- Northerly Clearance Line oF Bridge Property = 
proach Near Anchorage. Delancey Slip | : 7 
| 
‘ » Plan. 
| 
FIG. 2.—PORTION OF APPROACH NEAR THE ANCHORAGE. 
aways and tracks. The plan and elevation, Fig. in height to conform to the ascending grade, ex- stairway connections. The walls and ceiling of the 
ere -, show the anchorage end of the approach, and a tend to the west side of Attorney St., where their footway and of the stairways leading to it are to 
jai 5 n of the steel viaduct work. The sectionai ends are connected by a transverse retaining wall. be lined with white enameled brick, and the walk 
vations, Figs. 3, 4 and 5, which are taken trans- An elevation of this end wall is shown by the up- itself and the stairway landings are to be of as- 
‘is- V » of the approach at the points designated, per drawing of Fig. 5. Midway between the side phalt. Fig. 4 shows clearly the relative arrange- 
ve : sid ‘he relative arrangement of the various walls are placed two rows of column foundations ment of the roadways, walks, bicycle path, and 
aoe ‘ways, sidewalks and railway tracks. At the at a distance of 11 ft. each side of the bridge axis, railway tracks at the west side of Ridge St. Ridge 
cam ne of the approach the footwalk is in the or 22 ft. apart. These foundations consist of three St. is crossed by six parallel plate girders seating 
hp 1e bicycle path over it and the elevated concrete blocks of decreasing lateral dimens’ons on the masonry at on2 end and on a trestle bent 
ai ; racks over the bicycle path. On either upward surmounted by a granite masonry block of steel columns at the other end. In this span 
° BETS < saree: and a granite capstone carrying a cast column the floor framing of the roadways consists of 
ion rti 
be & we ‘appeared tn Megineoring News, 1806, ‘Vol, base. The foundation rests on piles, driven with a __ buckle plates ‘carried by beams and stringers, an‘ 
f ] ., 1897, Vol. IL, pp. 178, 331; 1898, Vol. I., 4000-Ib, hammer until the penetration under a_ that of the footwalks is of trough sections. : 
‘4; Vol. IL, p. 66; 1899, Vol. pp. 143; 
be oye ' DI , 852. 15-ft. blow does not exceed 2 ins. Between the The character of the masonry for the masonry 
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terminals is to be first-class rock-face coursed 
masonry of high quality granite. Its general char- 


acter and the character of the foundations and of . 


the column pedestals are given in the following 
abstract from the specifications: 


Excavation.The foundations for the masonry will be 
Prepared by first making excavations, somewhat larger 
than the full size of the masonry to be placed in them. 
The foundations will sometimes be located in old cellars 
or in made ground; the excavations for the foundations 
shall always be carried at least 6 ins, into the natural 
soil, wherever practicable, and the space between the 
level of the bottom of the foundation and the base of the 
standard masonry shall be built of concrete. In soft 
ground piles will be driven, on which the concrete founda- 
tions will be built. The excavations must be sheeted 
and braced sufficiently to prevent the sides from caving in. 

Piling.—Piles will be driven, with a 4,000-lb. hammer, 
until the penetration from a blow of the hammer falling 
15 ft. does not exceed 2 ins. When this point is reached, 
five more such blows Shall be struck, to ascertain whether 
the pile has reached proper bottom. All piles must be 
banded sufficiently to prevent splitting, and, whenever 
_ essary, must be shod to the satisfaction of the En- 
gineer. 


with parallel beds, vertical joints square to the beds and 
to each other, and true to straight edge in every direction. 
The bed and the vertical joints will be %-in. throughout 
except for six-cut work. 

Face Stones.—The rock face shall be uniform in ap- 
pearance, and must not project more than 3 ins. beyond 
the pitch lines; it must average at least 1% ins. beyond 
the pitch lines, and have no depression extending back 
of them. The water tables, quoins, arch-stones, coping, 
bridge-seats and all ornamental work shall be six-cut 
work on all exposed surfaces; the beds shall be rough 
pointed and this masonry shall be laid with \%-in. joints 
for at least 1% ins. inward from the face. 

Coping.—Each pedestal will be surmounted by a coping 
of one stone, having its bed rough pointed. Its upper 
surface and edges will be of six-cut work. 
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FIG. 8.—HALF SIDE ELEVATION OF VIADUCT TOWER. 


Cutting off and Concreting.—After the piles are driven, 
their heads will be cut off on a level 1 ft. above the bot- 
tom of the excavation. The space between and around 
the exposed portions of the piles will then be filled solidly 
with Portland cement concrete to the level of the tops of 
the piles, and the balance of the concrete foundation will 
be built and brought up to the level of the stone masonry, 
as shown on the plans. The concrete must be rammed 
sufficiently to insure the flushing of all voids with mortar. 

Masonry.—On the concrete will be built the regular ma- 
sonry of granite dimension stones. Except the coping, 
water tables, etc., it will be rock-faced, with joints pitched 
to the lines shown on the drawings. The upper and the 
lower beds and the vertical sides will be rough pointed, 


Fig. 9.—Quarter End Elevation of 
Viaduct Tower. 


Stone Setting.—All stones must be carefully’ cleaned 
and wet before being laid, and stones already laid must 
be cleaned and moistened to receive the mortar bed for 
each stone to be laid on them. All stones must be laid 
on their natural beds, and thoroughly bedded in full flush 
beds of mortar freshly mixed. The vertical joints must 
be thoroughly flushed with similar mortar. No grab holes 
shall be made in the six-cut work. 

Brick Masonry.—For the ordinary brickwork the bricks 
shall be of the best quality, burned hard entirely through, 
regular and uniform in size, and of compact and uni- 
form texture. For enamelled brick facing the bricks must 
be of the best quality, uniform in size and texture, and 
the enamelled surfaces must be free from cracks or 


crackle and of uniform hardness and color. brick 
masonry must be laid in Portland cement m “ie 
bricks must be wet just before lay 
brick shall be completely imbedded in mor: tang 


care being taken to have the joints full, and latoe 
shall be neatly pointed. The enamelled bri 1 he 
laid and pointed with specially prepared m: eae 
to ensure a perfectly uniform surface, both « ters 
and color. 

Pointing for Stone Masonry.—All face join: 
cleaned out to a depth of 1% ins., and poin: 
weather with mortar made of equal parts, by ; re. 
Portland cement and sand, which shall be dri: 1h 
with a calking iron. The surface of the join ; 
be rubbed smooth and true with a rounded - 

Mortar.—For all concrete and masonry, ¢ t 
except that for pointing, shall be made of p { 
ment and sand in the proportion of 375 Ibs ' 
to 8% cu. ft. of sand. The cement and san 
thoroughly mixed dry. Clean, fresh water » 
added, but only in quantity sufficient to give 
consistency to the mortar when the mixing is 
Mortar left over till it has partially set shall ; 
on the work. 

Concrete.—Concrete shall be used for the found 
the footing courses of all masonry, but must 
ried up higher than an elevation 2 ft. below An, 
elevation of the lowest ground adjacent to it- a 
ever concrete is used under masonry, it must t 
least 6 ins. outside of the neat lines of the ma: ‘ 
concrete shall have sufficient mortar to insur: fll 
flush all voids or interstices between the ston: i the 
proportion of stone to mortar shall in no case ie 
parts to three by measure. The broken sto: ‘ ste 
clean, shall be added to the mortar while we: " 
mass shall be thoroughly mixed by machine be’ 
put into place. The concrete shall be deposite: eve 
layers of not more than 12 ins. in thickness she 
be well rammed till the mortar flushes to the ..>:. 
must. be cleaned and moistened before 
s laid. 

Anchor Bolts.—Each column of the viaduct w be se 
cured to its foundation by four steel anchor bo': 4 
column bases and beds plates, resting on masonry ch.) 
be bedded on rust joints satisfactory to the Enginecr 


Viaduct Structure. 
The plate girder bridge across Ridge St.. bri; 


the approach to the first span of the viaduct «ry. 
ture proper. Briefly described, this consists o° 
braced columns resting on masonry pedestals, an} 
carrying plate girder spans each 62% ft. lone. Th 
general character and appearance of this stru 


and 5. Figs. 8 and 9 show the details of the towe; 
construction separate from the girder spans which 
the towers support. The drawings of Figs. § ands) 
are for one of the taller towers near the anch 


age. The general details of one of the short 
towers are shown by Figs. 10 and 11, and «!so b 
several of the other illustrations. The details o! 


the plate girders which are carried by thes. tow 
ers are shown more particularly by Fig. 12. Fu 
the foundation construction and character 9 th 
steelwork the reader is referred to the preceiing 
abstract from the specifications. 


Roadway and Track Framework. 


The roadway and track framework surmountine 
the viaduct columns is shown by Figs. 1!) to 1! 
inclusive. In a general way Fig 10 will serv: asa 
key drawing by which to locate the various parts 
of the framework. The first of these parts tv b 
noted is the floor framing for the trolley lines ani 
the roadways. This floor framing consists essen 
tially of transverse plate-girder floor beams rvs! 
ing on the top chords of the girder spans, ani 
carrying stringers which serve to suppor. th 
flooring and track systems proper. Details o! 
these floor beams, stringers, etc., are shown by 
the drawings comprised in Fig. 13. It will be 
noted that the roadway floor framing will carry 4 
bucket plate flooring upon which will rest the 
roadway paving. 

Referring to Fig. 10 again, it will be obs: rvei 
that the two inner lines of plate girders carry tw 
rows of columns which support at their tops an! 
between themselves the floor framing for the el: 
vated railway, -he bicycle path and the footwalks 


Respecting the relative location of the walk 
and bicycle path it will be noticed that it |= th 
same as it was at the beginning of the stee! work 


at Ridge St., Fig. 4. By referring to Fig. 5, which 
is a transverse section of the viaduct approach 


near the anchorage, it will be seen that the | ot 
walks have become two in number instead «! one 
and that they are nearly at the level of th: «le 
vated railway tracks. The apparent disappe.: nce 


of the bicycle path is due to the fact that i: and 
the footwalks have become the same thoroug: ‘are 

To explain the manner in which the chang: |u5' 
noted occurs the reader is referred to the part 


transverse section at bent No. 60, Fig. 14. 1: wi! 
be noticed that the three-story arrangement «¢ the 
footwalk, bicycle path and elevated railway 


still exists. At the next bent No. 59, Fig. 15. ow 
ever, a change has taken place in the bicycle ath, 
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following bent No. 58, Fig. 16, the sin- 
path has been divided into two paths 
vyectly over the trolley tracks. From this 
footwalk rises gradually between the 
paths until it reaches the same level 

=. merged with them as shown by Fig. 5, 
re detail, by Figs. 17, 18 and 19, which 
etions and a plan at bents Nos. 24 and 
this point on the elevated railway trac ks 
two footwalks continue to meet over the 
in the relative positions shown by Fig. 
etails of the floor systems for these thor- 
are also shown by Figs. 17 to 19, in- 


Anchorage Framework. 
er to carry the various track and floor 
over the anchorage it is necessary to 
ver the recesses in the masonry between 
‘side walls. This covering will consist of 


portions of the elements named: Phosphorus, .07%; sul- 
phur, .04%; manganese, .50%; silicon, .10%; copper, 
.02%. Specimens cut from the finished material shall 
have the following physical properties: 


P. C. 
reduc- 
Elong. tion 
Material. Strengthinlbs. %in of 
Shapes and universal mill per sq. in. Sins. area. 
60,000 to 68,000 22% 44% 
Sheared plates ............ 60,000 to 68,000 20% 41% 
Rivet rods ................54,000 to 60,000 25% 30 


Specimens cut from plates and shapes shall bend cold 
180° around once the thickness of the specimen; when 
at or above a red heat, 180° flat; and, when quenched 
in water at a temperature of 80° F., 180° around three 
times the thickness of the specimen. Specimens cut from 
rivet rods shall bend 180° flat when cold, when at or 
above a red heat, or when quenched from a light yellow 
heat in water at a temperature of 60° F. The elastic 
limit of the steel shall not be less than one-half of the 
ultimate strength. The finished stee] shall be made into 
bottom cast ingots weighing not more than 5,000 Ibs. 
each and cast in groups of not less than six ingots to 
each group. All bending tests shall show no signs of 
fracture on the outside of the bent portion. The fracture 
of all tension tests shall have a cup or angular shape and 
shall show a fine silky texture, of a bluish gray or dove 


where the drawings require, and all holes for bolts must 
be drilled accurately. 


Riveted Work.—All plates and angles to be riveted, 
which do not exceed \-in. in thickness, shall be punched 
\4-in. less in diameter than the rivets to be used; and, 
after being straightened, shall be assembled and reamed 
to the size proper to admit the rivets. Those thicker than 
%-in. shall be assembled and drilled to the proper size 
to admit the rivets, without punching. The plates and 
angles shall then be taken apart, and all fins shall be 
removed from the edges of the holes by a countersinking 
tool, which shall slightly fillet them All sheared edges 
must be removed by a planer to a depth of at least \%-in 
Surfaces to become inaccessible shall then receive a pro- 
tective coating, to be approved by the Engineer, after 
which they will again be assembled and thoroughly and 
tightly bolted. 


Riveting.—Wherever practicable, all rivets shall be ma- 
chine driven, both in the shop and in the fleld. Whenever 
hand-riveting is necessary, the entire driving must be done 
with sledges weighing at least 8 lbs., and the rivets must 
be held by dollies capable of holding them firmly against 
such driving. All rivets must thoroughly fill the holes, 
have full hemispherical heads concentric with their bodies, 
and grip the work tightly. All work must be kept thor- 
oughly and tightly bolted while the rivets are being 
driven, and all members must be true and out of wind 
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FIG. 17.—PART TRANSVERSE SECTION AT PANEL NO. 24. 


plate girders carried by the side walls and by in- 
terior columns and supporting floor beams be- 
tween which are sprung brick arches covered with 
concrete and an asphalt paving. The section, 
Fig. 20, indicates the character of this floor con- 
Struction quite clearly. 

From the drawings and the following abstract 
of the specifications for the steelwork a fairly 
good icea of its character may be obtained: 


|-All steel shall be made in an open-hearth fur- 
nace lined with silica. The stock from which this steel 


~ 3 ade shall consist entirely of pig iron, or of pig iron 
and acd open-hearth scrap. When acid open-hearth scrap 
‘s used for stock it shall not exceed 25% of the furnace 
charge. No portion of the stock used shall contain more 
an 15 of phosphorus, or more than .05% of sulphur. 
she of iron ore for the reduction of carbon in the 
a harge will be permitted according to usual and 
raged tice. During the reduction of steel in the open- 
»". Sirnace it shall not be decarbonized below .10%. 
i ‘donization of steel and addition of manganese 
re ccomplished by the use of ferro-manganese or 


n only and shall be performed in a careful 
most likely to give uniform results. The fin- 
shall not contain more than the following pro- 


color, free from black or brilliant specks. All rolled or 
forged material shall be entirely free from piping, checks, 
cracks and other imperfections, and shall have smooth 
finished surfaces. Rivets cut out of the work, when re- 
quired by the Engineer or his representative, shall be 
tough and show a silky texture without crystaline ap- 
pearance. 

Steel for Castings.—Steel for castings shall be made in 
an open-hearth furnace lined with silica. At least one- 
third of all stock used for steel castings shall be pig 
fron; and, where scrap is used, it shall be of a kind and 
quality satisfactory to the Engineer. During the reduc- 
tion of the steel in the furnace, it shall not be decar- 
bonized below .10%. In making steel for castings, the 
use of iron ore, ferro-silicon, ferro-manganese and spie- 
geleisen will be allowed according to usual and good 
practice. The finished steel shall not contain to exceed 
the following limits of the elements named: Phosphorus, 
.06%; sulphur, .04%; manganese, .80%; silicon, .35%. All 
steel castings shall be carefully and thoroughly annealed. 
All castings shall be sound and as free from blow holes 
as the latest and best practice can produce. Test pieces 
taken from coupons on the annealed castings shall show 
an ultimate strength of not less than 000 Ibs. per sq. 
in., an elongation of not less than 20% in 2 ins., and shall 
bend 90° around three times their thickness without 
rupture. All steel castings must be true to the drawings, 
with smooth surfaces, and all re-entrant angles must be 
neatly filetted. They must be planed smooth and true 


FIG. 19.—HALF PLAN OF FOOTWAY FLOOR SYSTEM AT PANELS NOS. 


24 AND 25. 


when completed. Great care must be taken that all rivets 
are properly heated, and no overheated rivets shall he 
driven in the work. 

Removal of Mill Scale.—Previous to assembling for 
riveting, all steel shall have the mill scale entirely re- 
moved, and must be fully protected from rust, either by 
oiling or painting, till it is ready to leave the shop, when 
all grease and dirt shall be removed. and it shall be imme- 
diately covered with a thorough coating of such paint as 
the Engineer shall approve. After this coating is dry 
and before shipment, the several pieces shall receive a 
second coating of the same paint. 

Abutting Ends, Splices and Gussets.—All abutting ends 
and edges shall be milled or planed, so that the parts 
shall fit neatly and tightly together. All joints must be 
assembled after milling, and the holes-in the splice plates 
and gussets must then be reamed or drilled, so that they 
will agree perfectly. 


SUEZ CANAL TONNAGE for 1899 amounted to 9,893, - 
022 tons, carried by 3,480 vessels, says Vice-Consul Gen- 
eral Hunter, of Cairo. The tolls aggregated $17,510,142. 
and the business was the largest in the history of the 
canal. Of the ships passing the canal 2,207 were English, 
378 German, 223 French, 205 Dutch and 102 Austrian. 
The United States sent only 25 ships through the canal. 
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The Lake Shore & Michigan Southern Ry. has 
long been noted for its large average freight 
train load, and its low average freight rate per 
ton mile. The annual report for the year 1899, 
just issued, shows that a new record was made by 
the company, much surpassing its average record 
in former years. According to the figures given in 
the report, the average freight train load in that 
year was 427.3 tons, and the average freight reve- 
nue per ton-mile on all classes of freight was re- 
duced to 4.71 mills. Compared with 1898 this is 
an increase in the average freight train load of 
no less than 75 tons, and a decrease in the freight 
revenue of 0.31 mill. The average cost to the com- 
pany of moving all freight is put at 3.2 mills per 
ton-mile, which is also a reduction from the low- 
est previous record made in 1898. 

It is noteworthy that a great increase in fre'ght 
train loads on the Lake Shore has been made since 
1804, when the average load was only 267 tons. 
With this increase in the average load has come 
a slight increase (about 6 cts.) in the average ex- 
penses per freight train mile; but the earnings 
per freight train mile have increased in the same 
time about 45 cts., and the total net earnings of 
the company were $1,410,000 greater in 1899 than 
in 1894. These figures do not indicate that such 
low freight rates as those above indicated are not 
compensatory on roads of sufficiently heavy traffic. 
In fact their adoption appears to be an examp‘e 
of sound business policy. 


— 
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Some English experiments upon the effect of 
speed of circulation on the rate of evaporation in 
boiler tubes were reviewed editorially in our issue 
of Jan. 18 last. The experiments were made by 
Mr. Geo. Halliday, and reported to the British in- 
stitute of Marine Engineers. They appeared to show 
that the rate of heat transmission from the hot 
gases to the water in the tube decreased with 
increased speed in circulation. We showed in our 
issue above referred to that such results were 
contrary to all previous experience and accepted 


theory, and were undoubtedly incorrect for 
reasons which we pointed out in detail. 

A French engineer has now repeated Mr. Hal- 
liday’s experiments, using similar but more ac- 
curate apparatus, and has obtained directly con- 
trary results. He finds that the rate of heat trans- 
mission increased rapidly with increase in the 
speed of circulation until a speed of flow of 20 
ft. to 50 ft. per minute was reached, when the 
rate of increase became more slow. There was 
still some increase in heat absorption, however, 
for each increase in the speed of circulation up 
to the final point to which the experiments were 
carried. 

It is interesting to note that whereas Mr. Halli- 
day’s original paper has been reprinted without 
comment or ¢riticism in a large number of en- 
gineering periodicals, the only journals which have 
called attention to its manifest errors, so far as 
we have learned, are Engineering News and 
“Power,” in the United States, and one French 
society publication. 


The report on the metric system which was 
presented by one of the committees of the Ameri- 
can Railway Association at the recent meeting in 
Chicago, and of which we give an abstract in 
another column, contains neither recommenda- 
tions nor suggestions as to the use or introducticn 
of this system. It is simply a condensed statement 
of the present status of the system in this coun- 
try, as regards legislative action and practical 
use, and as such it is of interest. It appears that 
there has been no actual legislation by Congress 
on this subject since the law of 1866, which made 
the use of the metric system legal and optional, 
but not compulsory. A few State legislatures have 
also passed laws having the same intent. In re- 
gard to the practical use of the system, the re- 
port appears to show that considerable progress 
has been made in many lines, largely in connection 
with manufactures for export, The summary 
forming the latter part of the report indicates that 
sufficient progress has been made to refute the 
arguments sometimes made in opposition to this 
system to the effect that its introduction would 
be impracticable. Thus we find it used in several 
of the government departments, in electrical en- 
gineering work and in a variety of manufactures. 
As the export trade of the United States has had 
a marked influence upon the introduction of the 
system up to the present time, the recent growth 
in the export trade will probably cause a further 
increase in the use of the metric system. This can- 
not but have a reflex influence upon its use in man- 
ufacturing industries in general, for the difficulties 
and annoyances incident to the use of two systems 
of measurement will become increasingly evident. 

The office of Superintendent of the State Land 
Survey of New York was abolished by a bill which 
passed the late New York legislature on March 
28, and has now received the Governor’s signature. 
This act repeals the act of 1895 creating the office 
of the Land Survey; and a clause in the Revised 
Statutes of 1892, which designates the State En- 
gineer and Surveyor as the custodian of all sur- 
veying instruments, notes and records belonging 
to the State, gives this latter officer legal authority 
over all the records of the Land Survey, and 
leaves him to continue the work done by that 
survey. This is a change in the proper direction, 
as it leaves one man—and the proper official— 
in charge of the surveying and engineering work 
of the State, and will avoid the conflict and du- 
plication of work that resulted from the previous 
arrangement. As noted in our recent review of the 
last published report of the late Superintendent of 
the State Land Survey, the public will lose little 
by the suppression of that survey. 


As we predicted two weeks ago, the House of 
Representatives passed the Hepburn Nicaragua 
Canal bill on May 2. The vote on the final pas- 
sage stood 224 to 35; but in the debate preceding 
the final vote many of those who finally voted in 
favor of the bill expressed their dissatisfaction 
with many of its provisions and their expectation 
that it would receive amendment in the Senate. 
As one member expressed it: 


While this bill may not be perfect, I am for giving it a 


shove now into the eee of legislation, so “a 
come out a finished product eight or nine mo: ae 

From general reports, there appears | 
hood that the Senate will seriously t: 
bill at the present session of Congress 
sage in the House seems to have beer 
largely for political effect, with the uni 
that final action will not be taken un: 
session of Congress, when the Isthn 
Commission will have completed its wo; 
Clayton-Bulwer treaty will, it is presy 
been abrogated. 


THE STORY OF THE SAVANNAH HARBOO 


The commitment to the Leavenwor: 
tiary on April 26 of ex-Capt. Oberlin M 
serve his sentence of imprisonment for 
to defraud the United States Governm: 
the final termination of a most remark. 
nal case, and one which has been fo)! 
the deepest interest by the engineering 
We risk little in saying that when the 
irregularities in the Savannah Harbor 
first made public in August, 1897, eng): 
erally refused to believe that an offi 
Corps of Engineers with the ability an: 
of Capt. Carter could have been guilt, 
thing worse than some technical infract 
regulations under which Government eon: 
is carried on. Capt. Carter’s many person 
were outspoken in his defense, and othe: 
of his profession felt that the proper th 
was to suspend judgment and wait 
charges against him had been heard an! 
upon by the proper authorities. 

That took place. Two successive tribu: 
a board made up from his own corps, th: 
court martial of his brother officers, spen: nths 
in the most painstaking investigation 
charges; and he was found guilty and seite 
The delays in the execution of that sent+: é 
herculean attempts made by his attorneys to <o 
him free on trivial technicalities, to black: n + 
character of all who took part in his proseeutin 
and in general to create public sympathy for hin 
as a second Dreyfus, have all been suitah!, 
mented upon in these columns and we ne 
refer to them further now. 

What we do propose to do is to describe, as \ 
as brief space permits, first the work on w) 
Capt. Carter was engaged in which the frauds wer 
perpetrated, and second the chain of 
upon which a jury of his peers pronounce! |! 
guilty, which evidence stands approved by ev: 
higher official who passed upon it. 

The Savannah Harbor, which was the most in 
portant work under Capt. Carter’s charge, con 
sists of the lower or tidal course of the Savanna 
River. The city of Savannah is nearly 25 miles 
from the sea as the river runs; and the course 0 
the river is a tortuous one through alluvia! lands 
and swampswith islands which for the most of th 
distance divide the stream into two channe!s. Th: 
river carries a large volume of sediment; I 
struction to the current causes this to be depos 
itéd, forming shoals. In 1873 the usua! draft 
vessels navigating the river was about 14°, ft 
and a project was submitted by the late Gen 
Quincy A. Gillmore to improve the channe! an 
obtain a depth of 22 ft. of water. This projec! 
was modified from time to time and pie emes 
work was done on various parts of th: ver's 
course until 1890. The total appropriations ») 
Congress during this time were $1,200,000 ani th 
depth of the river was increased so that v-sse!s 
with 21 ft. draft were able to navigate ‘it. 

Lieut. Carter was graduated from West P ont! 
1880 and in 1884 he was sent to Savanna! 
assistant to Gen. Gillmore and later to Ger A 
bot. In 1888 Lieut. Carter was placed in res)"'s 
ble charge of the work in the Savannah |) ric! 
In the same year he submitted a project n 
proving the Savannah River to obtain a ( 

28 ft. of water from Savannah to the sea, 
project, modified to provide for a depth ©! 


was adopted in 1890. The total cost of the \vork 


was estimated at $3,500,000, and in 1892 sa 

tion was passed permitting a contract to b 

for the completion of the entire project. 
The method by which the deepening w 


posed to be accomplished was the confinen '! 0 
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- training walls, as they are called, by 
w of the tidal currents was expected 
otrated, and the silt brought down by 
vas to be kept in suspension until it 
wept out to sea by the ebb tide. In ad- 
nis, extensive dredging was provided 
st the currents in forming and main- 
channel. 
vas completed in 1896, and during its 
ver 6,000,000 cu. yds. of material was 
m the channel. The required depth of 
water was reported by Capt. Carter in 
attained; but the probabilities appear 
t the deepening was due to the dredging 
an the training walls. 
ief of Engineers in his last report states 
work “resulted in a channel depth of 
\ ft. at mean low tide, obtained princi- 
jredging and maintained to some extent 
ing walls. This channel, however, was 
ind crooked and has since shoaled quite 


Carter himself, in one of his official re- 

knowledged that the deepening of the 

»y the training walls had been less than was 

j and ascribed it to the existence of a bed 

marsh mud found in the bottom of the river 

iid not yield to the current. Capt. Carter’s 

sor at Savannah in his last report says that 

ining walls are correctly located and ought 

etically to do the work they were designed 

He thinks their failure is probably due to 

fact that they are too low, their crests being 

iny places 6 ins. to 30 ins. below low water 

irk. About 427,000 cu. yds. of material was 

dredeed from the channel last year, and even this 

lid not keep up with the shoaling, only 171% ft. of 
water at low tide being reported at one point. 

The river appears to deposit nearly all the silt 
which it brings down in the navigable channel, 
where it has to be dredged out. While the train- 
ing walls may be of some benefit in keeping the 
channel clear, it is plain that they do not do the 
work they were expected to do when the project 
for their construction was adopted. 

These facts regarding the training wall work are 
of especial interest, because frauds and collusion 
with the contractors on this class of work was the 
principal charge on which Capt. Carter was found 
guilty. The contractor for the Savannah Harbor 
training walls was the Atlantic Contracting Co., 
and the total amount which it received for their 
construction was $2,356,720. One of the points 
on which the defenders of Capt. Carter laid most 
emphasis was the great ability displayed and the 
important public service which he had performed 
in originating and carrying to a successful conclu- 
sion the work of deepening the entrance to the 
port of Savannah. Of course this has little to do 
with the real questions before the court which 
tried him; but it is well to point out here the fact 
that the works can by no means be called an en- 
gineering success, and that the expensive training 
walls, costing over $2,000,000, are giving no benefit 
to the river at all commensurate with their cost. 

Turning now to the detailed construction of these 
training walls: Those used on the Savannah River 
were of two kinds, known respectively as pile 
dams and mat dams. The pile dams were made 
by driving two parallel rows of piles 6 to 8 ft. 
apart, the piles being 8 ft. apart in each row, and 
filling the space between them with brush tied in 
bundles and held down by a load of limestone. 
The mat dams were used mostly on the lower part 
of the river, where the water was more salty, 
rouble was likely to be caused by marine 
*, and the dams were likely to be exposed to 
eavy seas, They were made by depositing on the 
! the river one or more courses of brush 
= 7 to 100 ft. in width, and filling on 
‘op of them with broken stone. 

At * the enormous amount of brush mat- 

| and the high price paid for them that 

basis for the most important charges 
'. Carter. On the Savannah River im- 
the Atlantic Contracting Co. built 43,- 
t of mattress training wall and used 
yds. of mattresses in them. In the 

t for the work Capt. Carter esti- 

va mount of these mattresses as only 
ou), OM is. and their cost at 60 cts. per yd., 
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but the contract was let to the Atlantic Contract- 
ing Co. at 95 cts, per sq. yd. and the amount used 
was four times the original estimate. 

These mattresses are (or should be) made up of 
tightly bound bundles of brush, or facines, as 
they are technically termed. The brush is laid in 
the fascine so as to break joints, is compressed by 
a lever and chain device termed a “choker” and is 
tied tightly at frequent intervals so that it finally 
forms a compact round bundle some 9 ins. in di- 
ameter and long enough to extend the full width 
of the mattress. As these bundles are built up 
they are placed close together side by side, and 
either a second layerof similar bundlesor a grillage 
of poles is laid on top of them at right angles. To 
hold the whole together, binding poles are placed 
on top and bottom, extending across the mattress 
at right anzles to the fascines, and wires are car- 
ried from the poles on top around those on the 
boitom so that all the poles and fascines are 
bound tightly together. 

It will be apparent from the above description 
that the cost of executing mattress work and its 
value and stability when completed depend very 
much on the manner in which it is done and the 
methods adopted for doing it. At Savannah, not 
only were brush mattresses used to an extent al- 
most or quite unprecedented in engineering work, 
but methods were adopted which greatly reduced 
the cost of the work to the contractors. 

As stated above, 1,431,751 sq. yds. of brush mat- 
tresses were used on the Savannah Harbor work 
and 43,177 lin. ft. of mat dams were built. This 
would give an average width of nearly 3060 ft. if 
the mattresses were only one course deep. Asa 
matter of fact, however, Capt. Carter made use 
of so-called ‘“‘multiple mats,” or mattresses in suc- 
cessive layers to a remarkable extent, and it is 
this which accounts for the enormous amount of 
brush mattress used in his work. 

In much of the mattress work on the South At- 
lantic Coast the mattresses have been built on 
shore, launched, towed to position and sunk. On 
the Savannah work the mattresses were built on 
barges, so designed that the mattress could be 
iaunched directly from the barge. Besides this, 
the plan was devised of building the ‘‘multiple 
mats” on the barges and launching four or five 
of them at once. The economy of this will be ob- 
vious. At one trip of the tug and barge a whole 
series of mattresses would be placed. In some of 
the work done by these contractors as many as 
eight courses of brush mattress were built and 
launched together. 

The question now comes: What profit did the 
Atlantic Contracting Co. make on this mattress 
work. Its members had an opportunity at Capt. 
Carter’s trial to show their force and material ac- 
count and make clear to the court whether the 
profits they had received were exorbitant or not; 
but B. D. Greene, of this company, evaded under 
cross-examination every attempt to secure this in- 
formation and swore that no record was kept of 
tne expenditures on the work, notwithstanding 
the enormous amounts involved. From the testi- 
mony before the court, however, it would appear 
that the cost of the mattresses to the contractors 
was somewhere from 15 cts. to 60 cts. per sq. yd., 
with the probabilities in favor of a figure much 
nearer the lowest than the highest sum named. 

Had the mattresses all been built in a first-class 
manner, in accordance with the best enzineering 
practice, the cost might have reached the higher 
figure; but abundant evidence was offered that 
the work on which these contractors was engaged 
was executed in anything but a first-class man- 
ner, and that its cost to them was thus greatly re- 
duced. 

In the figures for the quantity of work done, 
ziven above, we have alluded only to the work on 
Savannah Harbor proper under the 1890 project, 
as it is termed. It should be noted, however, that 
in the court martial of Capt. Carter any fraudu- 
lent transactions in his conduct of this work were 
debarred from consideration by his plea of the 
statute of limitations at the outset of his trial. 
The specific work on which charges were brought, 
therefore, was that performed by the Atlantic 
Contracting Co. on a jetty near the mouth of the 
Savannah River, designed to protect the anchor- 
age in Tybee Roads, and on jetties at Cumberland 


Sound, the entrance to the port of Fernandina, 
Florida. On both these works, Congress author- 
ized contracts to be made for the completion of 
the entire project, and the jetty work was in each 
ease let to the Atlantic Contracting (Co. 
at 95 cts. per. sq. yd. for the 
tresses on the 


brush mat- 
Tybee Roads work and 81.16 
per sq. yd. for the mattresses on the Cumber- 
land Sound work. Capt. Carter's estimate of 
cost for the Tybee Roads jetty was about $1.000 
000, and about $367,000 had been spent on the 
work when it was suspended after the 
charges were brought against Capt. Carter. The 
estimate for the Cumberland Sound work was 
$2,350,000, and about $604,000 worth of work had 
been done by the contractor when operations were 
suspended in 1897. When the work 
stopped, the contractors had put 211,676 sq. yds 
of brush mattresses in the Tybee Roads jetty and 
458,157 sq. yds. in the Cumberland Sound work 

It was in the Cumberland Sound work that the 
greatest use was made of “multiple mats.” Six 
and eight courses of mattresses SO ft. to 100 ft. in 
width were sunk in these jetties, and the char 
acter of the work was such that when Capt. Car 


soon 


October, 


ter’s successor first inspected it on taking charge 
of the district, he found and photographed mat 
tresses so flimsily constructed that they were 
little more than big brush heaps squared up at 
the corners with a few pine poles laid through the 
mass. The percentage of profit of the contractors 
on this sort of work can be readily imagined. 

A most peculiar thing in connection with the 
Cumberland Sound work was the manner in which 
the mattress work was increased over the esti 
mates. The project for this work was approved 
by a Board of Engineers in December, 1895, and, 
they provided for a jetty section “composed of a 
foundation of brush mattresses with a load con 
sisting of a hearting of small stone covered with 
heavier stone."’ In carrying out the project, how 
ever, Capt. Carter used at places as many as 14 
courses of brush mattresses in the jetty, and while 
his own estimates called for only 425,000 sq. yds 
of mattresses in the entire work, there had been 
used over 458,000 yds. in building only a small 
part of the work, 
pended. 

The explanation offered by Capt. Carter was 
that the mattresces were cheaper than stone and 
hastened the completion of the work. As actu- 
ally built in the jetty, however, the mattresses 
compressed so much that their cost per cubic yard 
was far greater than the cost of rock, while their 
durability in these teredo-infested waters is at 
best problematical. 

Besides the brush mattresses, for which it was 
alleged Capt. Carter paid excessive prices, other 
items in the Atlantic Contracting Co.’s work were 
shown on the trial to afford exorbitant profits. In 
the Cumberland Sound jetties, for example, Florida 
limestone was furnished by the contractors at 
$3.90 per cubic yard, when its actual cost in the 
work was about $2.00. 

Taking it as proved that enormous profils were 
made by the firm of contractors above named in 
their work under Capt. Carter, it did not follow, 
of course, that he was guilty of any more serious 
crime than neglect to secure proper economy in 
the conduct of his work. Many an engineer is so 
placed at times that he has to pay excessive prices 
for work; and it is, we fear, sometimes true that 
engineers engaged in government or municipal 
work, consider their duty done, so far as prices 
for the work are concerned, when they have com- 
plied with the procedure established by law to se- 
cure free competition in letting contracts. 

We do not take that view of the matter. If 
Capt. Carter merely let contracts at prices which 
he knew afforded an excessive and exorbitant 
profit to the contractor, he deserved for this alone 
censure and punishment. An engineer is a trus- 
tee, bound morally and legally to use the same 
ability and economy in the conduct of the work 
under his care as if it were his own, and respon- 
sible for any breach of this trust. 

In the trial of Capt. Carter, however, the exces- 
sive profits which the Atlantic Contracting Co. 
made were only one link in the chain of evidence* 
against him. It was shown that Carter had been 
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timacy with the members of this firm, extending 
to partnership with them in certain outside ven- 
tures. With one exception, this firm of contrac- 
tors under one name or other had done all the 
jetty and training wall construction in Capt. Car- 
ter’s district for many years. In the letting of 
some of the contracts which the favored contrac- 
tors obtained, peculiar methods were followed. 
The time of advertising was made as short as pos- 
sible; obstacles were placed in the way of possi- 
ble bidders obtaining copies of the specifications; 
and precautions were apparently taken that no 
unknown bidder should get a chance to present a 
bid. The specifications for the Cumberland Sound 
work were so drawn as to permit the use of three 
different designs of mattress, at the option of the 
engineer. No outside bidder could safely estimate 
on anything but the most expensive of these de- 
signs. When the Atlantic Contracting Co. got the 
contract, however, the cheapest class of mat- 
tresses was ordered by Carter. 

It will be apparent to every engineer and con- 
tractor that a specification which leaves to the 
option of the engineer the use of three different 
classes of material differing largely in cost, and 
this material the most important item of the 
work, is a specification wholly unfit for use when 
a general invitation is given to bidders. Yet 
when the charges against Carter were first made 
public he declared to one of the oldest officers of 
his own corps that the idea had never occurred to 
him that specifications so drafted were in any 
way objectionable or could be used as a means of 
collusion between an engineer and a contractor. 
Of just such lame attempts at explanation did his 
defense largely consist. 


Space forbids further statement of the evidence 
of a fraudulent partnership between Carter and 
these contractors which was brought out on the 
trial; nor is there need to present it; for the most 
convincing and irrefutable evidence of such collu- 
sion and its results was furnished through the 
finding of large sums of money in Carter’s posses- 
sion and his failure to satisfactorily account for 
them. 


In the review of the case made by Attorney- 
General Griggs in September last, he gave a 
searching analysis of Carter’s financial transac- 
tions. Summarizing this briefly, it appears that 
beginning in 1891 Carter’s personal expenses in- 
creased in rapid ratio from $6,047 in 1891 to $29,- 
611 in 1896. In 1892 he began to buy securities 
through brokers in New York and continued until 
by the end of 1895 he had accumulated over $450,- 
0)J worth, yielding him an annual income of over 
$25,000 from interest and dividends. Carter’s ex- 
planation of the source of this wealth was that it 
was given him by the father of his deceased wife, 
Mr. R. F. Westcott, who had conceived for him 
an extraordinary affection; and he claimed further 
that the securities really belonged to Mr. West- 
eott. This story was unsubstantiated by any tes- 
timony from Mr. Westcott, and was on its face, 
especially when examined in detail, too extraordi- 
nary to ke accepted on the word of the accused 
man alone. On this point Secretary Crigys said: 

If it be true, as contended, that Mr. Westcott had such 
an extravagant affection and regard for his son-in-law as 
to induce him to confide to him so great a trust and to 
make him the donee of such large sums of money, then 
the natural suggestion would be that he would be in- 
terested intensely in the result of the trial in which the 
honor as well as the liberty of his son-in-law was involved. 
One would naturally think that a father-in-law so regard- 
ful of his son-in-law’s interests would be quick to rush to 
his defense and by his oath to add confirmation to the 
story, which, if true, would exculpate him from these 
serious charges. 

It is said that Capt. Carter made great efforts to secure 
the attendance of Mr. Westcott as a witness, but there is 
no proof of it. There is no evidence that he wrote him or 
requested him in any wise to appear as a witness before 
the court-martial. The inference is that his testimony 
would not have benefited Capt. Carter if he had appeared 
Such is the irresistible conclusion, and, therefore, finding 
that the one witness in all the world who could have 
created conviction in the minds of the court as to the 
truth of this extraordinary story withholds himself, and 
that there is no satisfactory evidence that the defendant 
made any exertion to produce him, we must conclude that 
his testimony would not have been useful. 

Subjecting to expert analysis the dealings be- 
tween Carter and his father-in-law, as shown by 
the accounts, check-books, etc., put in evidence, 
it appears that their transactions were on a strict 
business basis. Certain moneys were in fact de- 
posited by Mr. Westcott in the bank account of 
Capt. Carter; but it appears that almost at the 


same time Capt. Carter paid Mr. Westcott the 
exact amount of the deposit. Could better evi- 
dence be desired that Capt. Carter preferred to 
put certain moneys through this channel in order 
that they might appear to have been a gift to 
him from his father-in-law? 

It is also important to note the peculiar meth- 
ods adopted by Carter for the payment of these 
Savannah Harbor contractors. Almost invariably 
when moneys were to be paid to the Atlantic Con- 
tracting Co. Capt. Carter would visit New York, 
hand the contractors the check himself and the 
check, instead of being deposited in a bank and 
collected through the clearing house, was fre- 
quently presented for payment in cash at the sub- 
treasury. Still more peculiar is the fact that 
closely coincident with the cashing of these checks 
by the contractors was the purchase of bonds by 
Carter. Mr. Griggs gives no less than nine in- 
stances where Carter’s purchases of bonds were 
made simultaneously with the payment of checks 
to the contractors. 

Since the refusal of the U. S. Supreme Court to 
interfere in Carter’s case, further information has 
been made public by the expert accountant who 
analyzed the exhibits in the Carter case for Secre- 
tary Griggs. These point most strongly to adivision 
between Carter and the firm of Gaynor & Greene 
on the basis of one-third to each. Repeated in- 
stances are shown where simultaneously with the 
cashing of checks by the contractors, Carter de- 
posited or bought bonds to just one-third of the 
amount paid in the Government check. 

The crowning and absolutely conclusive certifi- 
cate of Carter’s guilt, however, has been furnished 
by the published statement of his father-in-law, 
which appeared on April 30 in the daily press. 
According to this, Mr. Westcott now publicly de- 
nies that he ever gave moneys to Carter and has 
given the government full access to all his books 
and private papers for use in the prosecution of 
Carter’s co-conspirators. Further than this, while 
it appears that Carter did make Westcott a de- 
pository of moneys and securities, when the 
charges against Carter were made public in 1897, 
Westcott refused to keep these securities longer, 
and he turned over to Carter and received his re- 
ceipts for securities aggregating over $400,000 in 
value. 

In view of such convicting and convincing evi- 
dence as this, of what avail can be Carter’s re- 
peated hysterical protestations of innocence, save 
te add to his character the further taint of hy- 
pocrisy? 

As our readers will remember, we gave space in 
these columns in our issue of September 28 last 
to a letter from Capt. Carter himself, in which he 
began with the assertion that he was conscious of 
his own innocence, and attempted to review his 
case and refute and impeach a part of the testi- 
mony against him. In fact, a particularly strong 
effort has been made to impress upon the engi- 
neering profession the idea that Carter was un- 
justly convicted. One of our contemporaries de- 
voted much space last fall to an effort to prove 
that there was a mistake somewhere in his con- 
viction. In one of the engineering societies, also, 
a paper was read and published in its transac- 
tions, in which an attempt was made to defend 
Carter and impeach the evidence on which he was 
convicted Other evidence has reached us show- 
ing the existence of a more or less widespread 
feeling among engineers of sympathy for Carter 
as a man unjustly convicted. It is because of 
these various facts that we have deemed it proper 
to lay before our readers actual facts from of- 
ficial records in connection with this case, that 
correct opinions concerning it may be formed. 

We need hardly say that the above brief review is 
only the barest outline of a small part of the evi- 
dence relating to a single one only of the charges. 
Whether the other charges relating to matters of 
minor importance were proved or not—or, as one 
man phrased it, ‘“‘whether Carter stole little as 
well as stole big’’—is of little consequence. The 
minor charg2s were included in his trial, we im- 
agine, to show the character of the man, and 
while it may be a question whether the evidence 
presented was legally sufficient to prove them, it 
was in fact sufficient to convince the officers who 
sat in the court martial. 


In his present attitude Carter deserve< 
the sympathy of the profession of whi 
once a member. His protestations of 
can no longer deceive any one. His cri: 
offense against his professional brethr. 
as against the Government that placed - 
trusts in his charge. He used every np 
and foul, to escape conviction upon th, 
brought against him, and when he 
guilty, resorted to every possible leva! 
ity in the endeavor to escape punishmen: 

More than this, sympathy for Carte; 
of place as sympathy bestowed on a b:: 
poses as a saint-like innocent while 
bulges from his pocket. According to 
ment of his own father-in-law, Carter 
in his possession sever:.l hundred tho: 
lars in securities. So far as at present Ly 
can serve out his sentence and walk out 
foir years hence in full possession of h 
fortune. It has been stated in the nub 
that Carter feels to the fullest extent { i 
of the disgrace which has come upon hi If 
would reinstate himself in any degree ;; 
spect of his former friends and fellow ©: 
he ought as the first step to return this 
the Treasury, and then make full confess 
crime and assist by his evidence in the . 
of his co-conspirators. 

Which is the dearer to him, the resto: 
some remnant of honor or the retention of his 
won wealth? He can have his choice; but } 
not have both. 
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LETTERS TO THE EDITOR. 


Rusting of Wire Nails. 

Sir: Noting the letter from Mr. Macy S. Pop< 
issue of April 5, regarding the rusting of steel wi: 
I can report a similar case. In 1898 I examined ; 
mill building at Patterson, La., a steel frame buildi 
with corrugated galvanized iron roofing. The cove: 
fastened with steel wire nails clinched around the s 
purlines. After four years many of these nails 
loss from rusting of from 65% to 75% of their sectic 
area at a point just below the roofing. The « 
rusting was probably hastened by interior condensati 
but is believed also to have been augmented by the pr 
imity of salt water. The building is on the bank of the 
Bayou Teche. Galvanized nails were used i: 
structures erected later. Sugar planters in th: 
borhood reported steel wire nails very short lived whe: 
used in fences, Yours truly, 

H. J. Burt. 
Chicago & Western Indiana Ry. Co., Engineer's Office, 
Chicago, Ill., April 22, 1900. 


A Suggested Plan for Preventing the Breaking of Radial 
Roller Rods in Swing Bridge Turntables. 


Sir: When rim-bearing swing-bridges are bui!lf in the 
usual manner, with rods extending from the spider to the 


rollers to hold them in position, it is not uncommon for 
one or more of these rods to be broken. These breakages 
are usually supposed to be caused by some of the rollers 
becoming slewed around so that they run toward the outer 
edge of the track. Now the rollers are connected ‘ogether 
in such a manner that if one slews around they must 
all do so, an event which might prove disastrous to the 


bridge. I would suggest that these breaka: might 


sometimes be caused by the spider not turnin: perly 
Let f f (Fig. 1) represent a spider; de, one of “« rods 
c, the center of the center casting, and c b, radius 
Produce the center line of the rod d e to b, and ‘rawe® 
perpendicular to d b. If, by the wind press or any 
other cause, a strain is put on the rods on on!) 2 side 
ac 


of the spider, the spider will not turn unles- — . s 


greater than the coefficient of friction of the sp!« against 
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coh may be .4 or more, and, as c b is often 
the breakage of rods is inevitable. I pro- 
nedy for this, the arrangement shown in 
cb k is the center casting, | the spider, m a 
-< extending around the casting, and n a ring 
ited to 1 to hold them in place. This would 
er bearing between the spider and the casfing 
e cost, which should prevent the spider from 
. Very truly yours, 
¥ Willis Whited. 
3t., Pittsburg, Pa., April 23, 1900. 


The Elgin Stand-Pipe Failure. 


vs of April 25, enclosing proof of articles you 

lishing on the recent failure of the Elgin 

is at hand. We see nothing to add that would 

her light upon the subject. The stand-pipe 

ad been greatly weakened by the enormous 

ight upon it by the annual freezing for a period 

' vs, and it was only a question of time when it 
w vitably give way. 

If stand-pipes were encased either with brick or 

{ wnstructed as to admit a circulation of air, and 

e kept at the base of the tower in exceptionally 


rr ther, we are of the opinion the risk from ice 
any dangerous extent would be lessened to 
i » » degree as to eliminate it as a factor of danger. 
All the , in this city are incased in this way. 
We } e repeatedly brought this subject to the attention 


of hydraulic engineers when we were contractors for the 
of stand-pipes, and trust that the breaking of the 
stand-pipe from falling ice at Elgin will prove a sufficient 
warning to all water-works operating them, to at once 
have them properly protected. Very truly, 
John W. Harrison, 
President Shickle, Harrison & Howard Iron Co. 
st. Louis, Mo., April 27, 1900. 


(The articles in question were published in our 
issue of May 3.—Ed.) 
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Methods of interpolating Contour Points. 


Sir; I note in your issue of March 29, Mr. Bedell’s de- 
scription of a diagram for interpolating contour points. 
In this section we have for a long time used this dia- 
gram in a simpler and more rapid manner, as follows: 
Draw the parallel equidistant lines he describes on trans- 
parent paper of some kind. Tracing cloth will do, but 
transparent profile paper is better, as it saves the draw- 
ing. Number the lines properly, and see that there are 
enough of them to provide for the greatest difference of 
elevations to be interpolated between. Finally draw on 
the map lines joining the points between which it is de- 
sired to interpolate. 

Take for example two such points, A with elevation 
52 ft, and B with elevation 68 ft. Place some point of 
the 52 line on the diagram (it would be marked simply 

2") over the 52-ft. point A on the map, and stick a 
pricker point through the diagram and through this point 
on the map. Revolve the diagram about this point until 
its 68 line (which would be marked ‘‘18”’) passes through 
the point B on the map as seen through the transparent 
paper or cloth. Holding the diagram in this position note 
the intersection of its 60 line with the line joining A and 
B on the map; this is the 60-ft. contour point and may 
be pricked through the diagram to the map. Evidently 
5-ft. or 2-ft. contour points might have been pricked 
through at the same operation. 

I have no doubt that many of the readers of Engineering 
News have used the diagram in this way. 

Yours truly, Robt. L. Lund. 

Engineering Dept., Vanderbilt University, April 7, 1900. 


Sir’ After noting Mr. Bedell’s means for plotting con- 
tour lines, the accompanying diagram is offered, depending 
like others on the similarity of triangles. It is easily 

Distance between Points. 
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sheet of ‘ece of cross-section paper pasted on a 

card with a straight-edge, A B, swinging 

und a 


4 pin at A. 


* desired to draw 5-ft. contours between ele- 


vations of 72 ft. and 57.5 ft 
thus being 14.5 ft. The 70-ft. contour will be 2 ft., the 
65-ft., 7 ft., and the 60-ft., 12 ft. below 72. Lay a scale 
between the two points (suppose this distance fo be 280 
ft.), then swing the straight-edge until it comes to the in- 
tersection of the 14.5 ft. and 280 ft. lines as X. From the 
column ‘difference of elevation,’ follow the line at 2 ft 
to the straight edge, which gives the distance of the 70-ft. 
contour from the point 72, and following the lines at 7 ft 
and 12 ft., gives the distances of the 65-ft. and 60-ft. con 
tour, respectively, from 72. These distances are plotted 
while the scale is still between the points, which is prob- 
ably quicker and more accurate than having to set dividers 
for each point. W. C Bunnel. 
U. S. Engineer Office, Chicago, Ill., April 10, 1900. 


, the difference of elevation 


Sir: Referring to Mr. Bedell’s letter in Engineering 
News of March 29, I desire to call your attention to a still 
simpler method in which there is no need of using 
dividers. 
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Fig. 1.—Method for Interpolating Contours. 


Fig. 1 shows two points with elevations marked, located 
on a map. A strip of paper with its edge properly divided 
(cross-section or profile paper) is laid from one point at 
an angle to the line drawn to connect the two points. 
Upon this paper is laid a triangle or straight edge and a 
triangle is placed against this so as to intersect with the 
upper point and the corresponding division on the strip 
of paper. By sliding the triangle it is readily seen that 
it will intersect the line connecting the two points and 
any intermediate contour can be set off. 
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Fig. 2.—Method for Assessing Cost of Work on 
Frontage. 


As shown by Fig. 2, the method can be used to dis- 
tribute the cost of work over frontage of property as- 
sessed. 

I have used these methods for years. They have been 
described before in other papers, I believe, as I remember 
reading in 1895 of a description by an English engineer 
and in 1898 Mr. Emil Neubling, of Pennsylvania, de- 
scribed it, Yours truly, Engineer. 

Idaho, April 3, 1900. 


Sir: In your issue of March 29 a correspondent gives 
a method of interpolating contour points. This method 
is certainly correct within suitable limits, and is much 
more rapid than some others. But a gain in rapidity 
would be effected by using a system of vertical lines cross- 
ing those shown, in place of dividers and scale as de- 
scribed, for laying off horizontal distances. This would 
be undesirable, however, as the eyes soon tire in the 
steady use of such a diagram, and errors are then likely 
to result from choice of a wrong intersection. 

The “‘interpolater’’ here shown was designed a year ago, 
and is intended to secure great speed and accuracy with 
slight weariness to eye and brain. Its essential feature 
is a single movable vertical line to replace the system of 
vertical lines suggested above. 

A board B about 4 x 5 ins. is mounted on a brass base 
C by screws passing through the latter. Two supports S 
carry a square bar D, on which slides a sleeve E. To this 
sleeve are brazed an arm A, and a projection P. The arm 
carries a fine wire W, which is the movable line already 
mentioned. 

To the board is fastened a sheet of paper on which are 


ruled horizontal lines, the equal distances between them 
representing successive elevations on the ground. This 
scale is marked V. A scale of equal parts H is also ruled ' 
near the lower edge of the paper. A thin, bevel-edged 

rule R completes the instrument. 


The sketch shows the parts in position for interpolating [ 
between two points, which are at elevations 26.5 and 42.8 
respectively, and which are 45.5 ft. apart on the map 


The arm A is first slid along until W is at 453.5 on H 
Then the intersection of W with 428 on V is held by a 
pencil or needle point, and the edge of R is brought to { 
bear upon it, while another point of the edge is passed 

through 26.5 at the extreme left. Then with R held in 

place A is slid to the left until W passes through the in 

tersection of 40 of scale V and the edge of R. W is now 

seen to mark 37.7 on H, showing that the 40-ft. contour 
peint is 37.7 ft. horizontally from the point whose eleva 
tion is 26.5. In the same way the 30-ft. contour point is 
9.8 ft. distant. 

It will be seen that A is raised above the paper far 
enough to pass above R. If R is of metal, a piece of 
rough cloth should be fastened with shellac to {ts under 
side to prevent slipping. 

Values may be assigned to the divisions of V and H to 
suit the work in hand, these values being indicated in 
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Instrument for Interpolating Contour Points. 


pencil; or several «sheets with different scales may be 

made. The proper height of D with reference to B Is tg 
secured at F, where the hole in S through which the screw 

passes is larger than the screw, thus permitting rotation 

about G. The plane of A is then brought parallel to that Pa 
of B, and held by the nut K. The proper sliding contact 
between E and D its secured by cutting out a large slit in 
the front of E, fitting a plate loosely into it, and pressing 
the plate against D by spiral springs L. 

Very truly yours, 


Frank T. Daniels. 
No. 1 Mount Vernon St., 


Boston, Mass., April 14, 1900. ' 
(We have also received from Mr. FE. E. Green- if 
wood, of Clifton, Arizona, a description of a 
method substantially the same as that described 
by Mr. Lund.—Ed.) 


The Extent of the Damage to the Water Power Plant at 
Hannawa Falls, N. Y. 

Sir: I have the following to report as to the loss at 
Hannawa, supplementary to the account published In your 
issue of April 26: The power house walls were about half 
completed, and of the finished portion about half will have 
to be rebuilt, but the material used originally is avail- 
able for reconstruction. The turbines which were sup- 
posed to have been swept away were not in the track of 
the flood. A large Dayton Globe casing was carriel a 
small distance and deposited into a pocket and covered 
with earth. If can be used again. With the exception of 
a hoisting engine, this was the only machinery damaged 
The hoisting engine will undoubtedly be used again. 
There were several large generators of 7,200 K-W., which 
were fortunately out of the course of the waters. 

The loss to the penstocks sections will be small. Some 
1) ft. was washed away. Half have already been re 
covered and the remainder will be found. These can be 
straightened in rolls. 

It will take, perhaps, about 5,000 cu. yds. to repair the 
walls of the canal, but the haul is short. 

Some time after the accident it was noticed that several 
eubie feet of water had gotten through between the 
masonry and canal banks on the side of the canal opposite 
to the break. This matter was investigated by competent 
parties, and it was found that the earth had contracted 
from 1-16 to 4-in. from the masonry, which permitted a 
seepage and leaking between the earth and masonry 
This earth was tamped into place while wet (which Is 
the usual practice) during the summer of 1899. This crack 
may explain the undermining of the wall. 

It is supposed that a similar condition may have existed ; 
at the spillway. If this is so the wall opposite the break } 
is just as liable to give way. Contractors claim the acci- } 
dent came at a very good time, believing it would have a! 
happened whether gafes had been placed at opening or not. mI 
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I have seen a number of men who are able to estimate 
the loss, and the most unfavorable figure is only $18,000 
to $20,000, so that the Hannawa Company's estimate of 
$8,000, considering the material that can be used again, 
is probably very near the truth. 

The work will not be delayed to any extent, I understand 
from the company, and that 100 additional hands will be 
immediately set to work. Personally I believe the heavy 
shock may have been the cause of the earth and masonry 
having separated on porfion of canal opposite break. 

Yours truly, John H. Griffith, 
° Professor of Civil Engineering. 
Clarkson School of Technology, Potsdam, N. Y,., 
April 28, 1900. 


Diagrams for Determining the Weights of Bridge Spans. 

Sir: The accompanying diagrams for determining 
quickly the weight per lineal foot of plate girders and 
trusses for bridges were made by me for use in the en- 
gineering department of the Boston Bridge Works. I use 
them in estimating bridge work in all cases where sizes 
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Total Loads per \in.ft. 
Fig. 1.—Diagram Showing Weight Per Foot 
For Plate Girders Determined from 163 Separate 
Cases. 


Span x total load per foot ) 
{ F (taken from curves.) | 


are not required. Even where sizes are required, the 
curves are a useful check on figured weights. As these 
curves have been determined from a large number of 
actual cases selected from past estimates, they may be 
taken as correct. The time required to find the weight 
of a bridge truss by first determining the stresses and 
sizes, may require an hour or more, depending on the 
length of span, while from my curves the weight can be 
found in a very few minutes. 

There have been many formulas developed from time to 
time, to represent the weights of trusses and bridges, but 
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Fig. 2.—Diagram Showing Weight Per Foot 
Of Trusses Determined from 418 Separate Cases. 
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curves are more easily used. It will be noficed that the 
loads include both dead and live, per lineal foot of truss. 
In the case of wheel loads the equivalent uniform may 
be used. The curves apply to either pin-connected or 
riveted trusses, with inclined end posts. For spans of 
over 180 ft. the top chord will be curved, and sub-panels 
used. Very truly yours, H. G. Tyrrell, 

Assistant Engineer, Boston Bridge Works. 

Boston, Mass., April 21, 1900. 


The Failure of the Austin Dam. 

Sir: In an article upon dam construction in your issue of 
Nov. 16, 1899, I pointed out the fact that too low a margin 
of surplus strength is given to dams. The factor of safety 
of 2 to 3 is not sufficient to cover all the changing condi- 
tions that occur in connection with a dam. 

In my article referred to above, I claimed that a dam 
was subjected to greater pressure at the center of the 
stream than at the ends, and I also showed wherein a dam 
was weaker at the center than towards the ends. The 
drawing together of these two factors makes a condition 
that is likely to wipe out the small factor of safety that 
the dam Is supposed to have. 

IT am also sure that by observing the conditions as they 
exist, and building in a way to provide for them, a 
structure can be erected that will bave a safety factor of 
6 instead of 2, and at the same time not increase the 
cost by more than 20%. One of these conditions is the 
fact that a dam is subject to moving loads and unequal 
loads. 

It is a well known but little regarded fact, that a stream 
runs much faster at the center than it does at the sides. 
The center of the river is always lower than af the sides, 
consequently all debris has a tendency to keep to the 
center, thus the center of the dam gets all of this pound- 
ing during flood time. 


These two factors increased velocity of water and un- 
due share of impact from debris, must tend to overload 
a dam at the center, or point of greatest velocity of water. 
This point may be called the center, but it may not be 
by actual measurement in the mid-channel between the 
abutments of the dam, but it will be subject to the nature 
of the bed of the stream, banks and so forth, and may 
vary with the varying height of the flood. 

In the case of the Austin dam, this center has evidently 
been at B, as shown by Prof. Taylor in Fig. 4 of your 
issue of April 19. Fig. 5 tends to confirm this by showing 
the debris passing over that portion. (The two views men- 
tioned will be found repeated in this issue in the further 
article by Professor Taylor on the failure of the dam.— 
Ed.) 

It is likely that previous floods have also had their 
center near B, and have weakened it. 

Now, K-C and A-H, not being so hard pressed by the 
current, have acted as abufments to the portion C - A, and 
all portions of the structure yielding under pressure, in 
proportion to that pressure, and B being subjected to the 
greatest pressure has yielded the most, and the top of 
the dam, C-A, just before failure, musf have been a curve, 
with a reverse curve at C and at A. 

Instantly upon the failure of B, the pressure and rush 
of water at this point has acted with a lever arm C-B, to 
break C-B away from K-C. This is clearly shown from 
the fact that B’ is farther down stream than C’ or A’. 

The same thing has occurred in regard to B-A, only 
from the sketch we may infer that it resisted more on ac- 
count of being so close to H-G. 

To my mind, this is an exceedingly clear illustration of 
the fact that the shore ends of the structure are strength- 
ened by their connection to the banks, and the center 
portions are weakened by the rush of water and debris 
against them. 

Under these conditions, with no provision made for tak- 
ing care of unequal loads, the structure has actually been 
divided against itself, and could only be saved by having 
a large safety factor at its strong portion, which would 
evaluate a safety factor of some sort at its weakest part. 

This, it evidently did not possess. 

The discussion of the responsibility for the Austin dam 
failure can do no good. The individuals are not blame- 
worthy. It is the system thaf is at fault, and the same 
system prevails everywhere, and until a radical change 
is made in the methods of computing pressures on a dam, 
and of providing for such pressures, the same thing that 
has happened at Austin will occur in other places. 

Yours truly, Jno. S. Fielding. 

918 Rebecca Ave., Pittsburg, Pa., April 25, 1900. 


> 


Notes and Queries. 

M. R. E., Easton, Pa., states that the last annual report 
of the New York Central & Hudson River R. R. Co. refers 
to ‘10-wheel mogul freight locomotives,’’ and inquires 
whether it is correct to call a 10-wheel engine a mogul. 
We know of no authority for such usage. The term 
mogul should be restricted to a locomotive with six drivers 
and a two-wheel leading truck. 


MORE LIGHT ON THE PAILURE OF THE AUSTIN DAM 
By Thomas U. Taylor, Assoc. M. Am. Soc. C. E.* 


In the issues of the Engineering News of April 
12 and 19 the failure of the Austin dam was fully 
set forth and described. At the time of the ac- 
counts on the above dates the water had not 
reached a sufficiently low level to show exactly 
how much of the broken section had been taken 
out. The indications were to the effect that the 


Fig. 1.—Sketch Showing Undermining of Toe of 
Austin Dam. 


whole section, foundation and all, was pushed 
down stream. 

Before discussing the causes of the break, I de- 
sire to call attention to the letter (see Eng. News, 
April 19, 1900) that Mr. Joseph P. Frizell wrote 


*Professor of Civil Engineering, University of Texas, 
Austin, Tex. 


on April 8, 1896, stating that at ab. 
400 ft.” from the east end of the da 
friable condition of limestone was e, 
and indicating that the discharge of t)} 
waters along the toe of the dam was lia 
an abrasive action on the foundations 
toe. Mr. Frizell also stated that it 

tention, had he continued in charge of 
to have executed some supplementar 
protection for the bed of the river jn<: 


Fig. 2.—View of Break from East End, Looking Down 
Stream, Three Minutes After Failu; 
(Repeated from our issue of April 19 


toe. This supplementary work would 
have consisted of a cement apron ab 1) ¢t 
wide, at least 1 ft. thick, and several hu: 

long. We must recall to mind the fact that M 
Frizell’s plans contemplated the dischare 
tail-race waters into the channel of the river « 
eral hundred feet below the dam, so that |! 
race waters would have had no effect on the to 
foundation. 

The waters of the tail-race followed the toe of 
the dam fully 600 ft., and were discharged throug! 
a narrow neck 45 ft. wide and (when ¢ wate! 
was not flowing over the dam) of an averag 
depth of 2.8 ft. during the day and about 3 ft 
at night, when the full power was on. Betwee 
this narrow neck and the power house, the writer 
with Mr. H. K. Seltzer, made soundings along th 
toe of the dam in March, 1899. At or near th: 
point of breaking we failed to reach bottom wit! 
a pole 5.3 ft. long, even when the hand holding |: 
was thrust at least 2 ft. below the surface of ¢! 
tail-race water. This surface was at that 
time 2.5 ft. below the toe of the dam 
This makes the bottom of the tail-race 
more than 9.5 ft. below the toe of the dam at 
this point. Several soundings of this kind wer 
made along the toe. The tail-race near the dam 
passed over a shoal-like formation and entered 
the tail-race pond at about 50 ft. from th 
power house wall. Between this point and ti 
narrow neck alluded to, the tail-race was bounde! 
by the toe of the dam and a curved shore In 


Its) maximum width was about 150 ft. and i's 
narrowest (at the neck) 45 ft. In March IN! 
simultaneous discharge measurements were mad 
at this narrow neck and in the fore-bay (\\ hen th: 
lake level was over 10 ft. below the crest of th 


dam); and while the flow through the tvil-rac 
was greater than that into the penstocks throush 
the fore-bay, the difference was not larger than 
could be accounted for by the “spring” and the 
fluctuations of the flow caused by increase! de- 
mands in the street car service. 

The limestone formation in the vicinity of (he 
dam consists of alternately hard and sof! strata 
The outcroppings in Bee Creek (just above the 
dam), at Taylor’s lime chute (about a hilf mi: 
above the dam), and that through whic! the © 
cavation was made to repair the heads te me 
sonry, are all of such formations. The s © strals 


could be handled without a pick and of «n with 
a shovel, but the hard was composed «f © fairly 
good quality of limestone. The dam ted on 
one of these hard strata in its western Pp Dur- 
ing a freshet in 1892, the overfall cut thr ush this 
hard strata, tore up large pieces (som: which 
would average 10 ft. long, 4 ft. wide «| 25% 


thick and weighing 7 to 8 tons) and d-> sited ® 
whole quarry ir a confused and irre. lar pile 
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2M yds. further down the river. 
remained in this location till the 
¢ June 7, 1899, when they were car- 


facts are necessary for a proper un- 
¢ what follows. In 1897, Mr. J. G. 
¢ Austin’s leading citizens, and a cash- 
dest National bank in the city, while 
ng the toe of the dam, ran his fishing 


Fig 3.—View of Dam Five Minutes Before the 
Failure. 
p inder the toe of the dam 8 ft. This shows 


isively that either the water flowing along 

the tail-race scoured out the foundation under the 
toe of the dam, or the over-falling water had un- 
iormmined the toe. A large percentage of the wa- 
‘er flowing over the east half of the dam at ordi- 
nary heights re-enforced the tail-race waters and 
produced a strong current right along the toe of 
the dam for over half its length. It has now been 
proven by actual measurements that the toe was 
cut under at some places, as shown in Fig. 1. Mr. 
Paim, in speaking to me about it, said that he 
often wondered why the toe did not break off. 
This left the dam a prey to the pressure of the 
water and it was only a question of which was the 
greater force, that of the water or the friction be- 
tween the dam and its partially destroyed bed. 
In your issue of April 26, your correspondent, 
‘M. Am. Soc. M. E.,” misinterprets Fig. 5 of your 
issue of April 19 (reproduced here as Fig. 2). This 
snap shot taken three minutes after the dam 
broke shows two barrels and other debris (planks 
scantling, ete.). The derrick-like tower formed 
an anchor for the fore-bay boom log and the plat- 
form by it is the boathouse platform. But these 
(except platform) were not stranded as your cor- 
respondent concluded, but were floating in water 
16 ft. deep. This debris (barrels and all) came 
from the boathouse, which was located about 200) 
ft. from the dam, and which collapsed about one 


Fig. 4.--Sketch Plan Showing Break in the Austin 


Dam, April 7, 1900. 
epeated from our issue of April 19.) 


fore the snap shot was taken. The 


crest of the dam between the bulk- 
hea { point A, Fig. 2, was 3.5 ft. deep. 
S erpretations of the failure have been 


‘ amount of silt in the lake immedi- 
nt of the dam. While the average 
I © water (area of cross-section divided by 
ad ‘ke) was 27 ft., the depth in the orig- 
was 38 ft., leaving 30 ft. of silt 
kept in mind that the dam did not 
main channel. The western part of 


the dam now standing covers nearly all of the 
old channel. The silt was a fine gritless stuff 
(almost ooze), into which the writer has repeatedly 
thrust an oar with moderate pressure fully 8 ft. 
When dipped up and turned out on a platform 
it would gradually settle down into a flat sheet o1 
cake whose upper surface would assume an almost 
horizontal position. When the break occurred the 
silt that was in contact with the dam would have 
flowed out had there been no water; but with a 
torrent 41 ft. deep flowing over it in a cataract 
with an immense velocity it was cut away with 
such swiftness that in three hours the plateau on 
the east side of the lake, where there was an aver- 
age depth of 16 ft. of water below the crest of the 
dam, was swept almost clean of silt. A slight 
amount of it remained, as can be seen in Fig. 6. 
A week after the break the writer tramped a few 
miles along the shores, and everywhere this silt 
in the main channel was cut into fantastic shapes 
by the currents of the river and by side streans 
It reminded one of the Bad Lands of Dakota. 

Many correspondents have laid great stress on 
the drift. Fig. 3 is a small snap shot taken by 
Mr. Pinson five minutes before the break, from 
a point below E, Fig. 4. This shows that there 
was only a small amount of drift, and that was 
passing over a part of the dam that did not fail 
it was Mr. Pinson’s kodak that furnished us with 
Fig. 5 of April 19 (the present Fig. 2), and als» 
with Fig. 5 of this issue, taken ten minutes afte) 
the dam broke. The parts can readily be identi- 
fied by comparing with Figs. 2 and 4. 

The Outlook. 

It is the unanimous opinion of the water and 
light commission that the dam should be rebuilt. 
On April 9 they passed the following resolutions: 

(3) That in our opinion a steam engine and boilers 


should at once be secured and connected with the pumps 
in the pumping station (two miles below dam), and the 


Fig. 5.—View of Break Looking Down Stream, Ten 
Minutes After Failure. 


pumping of water to the city and its citizens resumed at 
the earliest moment practicable. 

(4) That steps should be immediately taken to rebuild 
the dam and power house upon better and securer plans, 
and to reconstruct the headgate masonry by securing it 
and its foundations against leaks and possible openings, 
and by lowering the penstocks to provide against a scar- 
city of water in time of drouth. 

(5) That to accomplish these purposes we invite the co- 
operation of the city council and the citizens of Austin, 
and also of the holders of the bonds issued for the con- 
struction of the dam. 

(6) That to carry out these purposes we are of the 
opinion that the city and citizens should be content to 
let the bonded indebtedness of the city for the construc- 
tion of the plant remain as it now is and pay the interest 
on it regularly as it falls due, as soon as satisfactory 
understanding can be had with bondholders, and the 
holders of the bonds should be willing to furnish the 
amount of money necessary to repair the damage done to 
the plant and place it in good condition. 

The commission then apointed a committee of 
16 leading business men to secure an expression 


of the opinion of our citizens. 


There are three possible solutions to the problem 
of water and lights that are being seriously dis- 
cussed: 


(1) Rebuild the dam; (2) sell out to the old com- 
pay (The Austin Water, Light & Power Co.); (3) 
build a steam plant and either buy out or ignore 
the old company. These questions will be consid- 
ered in their order: 


(1) To rebuild the dam and carry out the reso- 
lutions of April 9, passed by the Water and Light 


Commission, will cost at least one-half million 
dollars. (This can be approximately itemized as 
follows: 


(a) Rebuild the broken part of dam $300,000 


(b) Replace headgate masonry 100,000 
(c) Replace power house ... 
(d) Reinforce present dam 2,000 
(e) Reinforcing toe .... 


There is no possibility of raising this amount by 
new bonds, for the simple reason that the city is 
loaded up to the guards now. The taxable values, 
even at the present high rate of assessment, 


Fig. 6.—View Showing Remains of Silt Near Dam. 


(The men are standing on the original soll; the silt appears 
just behind them.) 


would not justify the issuance of over one-tenth of 
this amount. The bonded debt of the 


city at 
present is: 


The taxable wealth is about $11,000,000. 

The only other recourse then is to resort to the 
bondholders. The city has been paying in the last 
few years about $80,000 per annum interest on the 
water and light bonds. Practically all of this 
has been paid by taxes, as nearly all of the earn- 
ings of the plant were utilized in operating ex- 
penses, extensions and repairs. The bondholders 
would have to pay out $500,000 to strengthen 
their present bonds, or give the city what is equiv- 
alent to seven years’ interest. If they do not 
rebuild the dam, it takes the dam out of the 
realms of probability; but if they do not, taxable 
values will certainly shrink. The highest allow- 
able tax rate of 2.5% would not produce over 
$200,000, and the present running expenses of the 
city are over $140,000 per annum. 


(2) There is an almost unanimous opposition to 
selling out to the old company. 

(3) To equip a steam plant of a capacity equal 
to that of the plant destroyed (about 1,000 aver- 
age HP.) would cost, as estimated by Mr. H. C. 
Patterson, Superintendent of Water and Lights, 
$250,000. To raise this amount it is proposed (a) 
to sell copper wire not needed for $50,000; (b) to 
get the bondholders to remit the interest for the 
current year, $80,000; (c) to get the bondholders 
to accept 2% interest instead of 5% for the next 
two years, i. e., to remit 3%, or $96,000. 

The operating expenses of the st2am plant will 
be about the same as those of the plant destroyed, 
with the exception of coal, which will probably 
cost $30,000, This solution also contemplates the 
acceptance by the bondholders of 3% permanent 
interest on the bonds after three years; the 2% 
saved ($32,000) would cover the item of coal and 
wood. It has also been suggested that the in- 
terest on the bonds be scaled at once to 2%% per- 
manently. 


The first and third solutions contemplate mate- 
rial assistance from the bondholders. The first 
solution would involve an expenditure on their 
part of $500,000 at least. Thus the bondholders 
would be out of pocket at least $2,000,000, but 
would get $80,000 in interest, or 4% on their out- 


lay, but the half million would not be returned. , 


The third solution invulves their paying $176.000 
in three years and accepting after that $78,000 
per year, or less than 3%. 
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PROGRESS OF THE METRIC SYSTEM IN THE 
UNITED STATES.* 


In conducting the investigations necessary for this re- 
port, the fact was early made apparent that the use of 
the metric system in commercial lines in the United 
States seemed to be confined to comparatively few and 
isolated cases of manufacturing companies, engaged in 
the export of their products to foreign countries, wherein 
the metric system prevails; such being the case, your 
Committee has not attempted to locate and report upon 
all of such cases, nor to specify them particularly. This 
fact has made it necessary to make this report much more 


Base of Fail, E1 3510 


18"String Course 


packages, these supplies are repacked in the metric pack- 
ages furnished by the Navy Department. Article 670, 
Regulations for the United States Marine Hospital Serv- 
ice, 1897, reads as follows: ‘Officers shall, for all official, 
medical and pharmaceutical purposes, make use of the 
metric system of weights and measures. In expressing 
quantities by weight, the term ‘gram and centigram,’ and 
in expressing quantities by measure, the term ‘cubic 
centimeter’ only shall be employed.’ In Porto Rico and 
Cuba the metric system has been and is exclusively in use 
in all official and domestic work; the natives and residents 
of those countries being familiar with no other system. 
Manufacturers of measuring implements, gages, instru- 
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FIG. 1.—PART SIDE ELEVATION OF 3,820-FT. STONE ARCH BRIDGE FOR THE PENNSYLVANIA 
R. R. AT ROCKVILLE, PA. 
Wm. H. Brown, Chief Engineer, Pennsylvania R. R. 
Drake & Stratton and H. S. Kerbaugh, Philadelphia, Pa., Contractors. 


general than might have been desired or expected. The 
use of the metric system in the United States was legal- 


ized by Congress in 1866. It was provided thereby that - 


the use of the metric system in all contracts, etc., did not 
render such invalid, and thereby made the use of it op- 
tional and legal, but not compulsory. Various legislative 
and committee work has since been done in response to 
memorials presented to Congress by different associa- 
tions and scientific societies throughout the United States. 

In Degember, 1895, a bill was introduced into the House 
of Representatives by Mr. Hurley, which was referred to 
the Committee. At the first session of Congress in 1898 
Mr. Hurley again introduced a bill to fix the standard 
of weights and measures by the adoption of the metric 
system. This was referred to the Committee on Coinage, 
Weights and Measures, since which time nothing definite 
has been done with it. The bill previously introduced by 
Mr. Hurley did not make the use of the metric system 
compulsory upon the people, but simply established it as 
a legal standard to which reference could be made in 
cases of dispute, or for any other proper purposes. On 
March 16, 1896, a bill was introduced into Congress, pro- 
viding as follows: 

(1) From and after July 1, 1898, all departments of the 
United States Government, in the transaction of all busi- 
ness requiring the use of weights and measurements, ex- 
cept in completing surveys of public lands, shall employ 
and use only the weights and measures of the metric 
system. 

2) From and after Jan. 1, 1901, the metric system of 
weights and measures shall be the only legal system of 
weights and measures in the United States. 

The bill was debated April 7, 1896, recommended April 
8 to the same committee, to be brought forward in the 
1897 session. Nothing further has thus far resulted from 
this move. 

Your Committee finds that there has been no legislation 
in any of the states regarding the use of the metric 
system, except in a few cases which provide that the 
metric system may be employed, and that no contract 
shall be invalid because of its use therein, covering prac- 
tically the same ground covered by the United States 
Congress when legalizing the system in 1866. In the 
work of the Smithsonian Institution the metric system 
is used almost exclusively. 

In the different departments of the U. S. Government 
at Washington the metric system is used as follows: In 
the Department of the Coast and Geodetic Survey the 
metric system is used exclusively in their computations 
Their charts, while they show soundings in feet, show 
also a metric scale, by the use of which the different di- 
mensions shown in feet may be readily transformed into 
metric measurements. In the Agricultural Department 
all scientific work in chemistry, etc., is done by the use 
of the metric system. The extensive natural history work 
in this department is also carried on with the use of the 
metric system exclusively for its calculations. The Post 
Office Department uses it in connection with foreign me- 
tric countries, but not in any work applying to our own 
country exclusively. In the Department of the Surgeon- 
General of the Army their contracts for medical supplies 
all embody the metric system, and their supply table 
(page 82, Manual of 1899) shows all supplies as being 
packed in metric packages. All of the army post physi- 
cians and apothecaries are required to use the metric 
system in making and filling prescriptions. The Depart- 
ment of the Surgeon-General of the Navy also uses the 
metric system in much the same way as that departmen! 
ef the army, and manufactures its own bottles and pack- 
ages in accordance with metric measures. When supplies 
are purchased for the Navy Department in the original 


*Abstract of the report of the Committee on the Metric 
System, presented at the Chicago meeting of the American 
Railway Association, April 25. 


ments of precision and draftman’s supplies make metric 
instruments for such uses. A few manufacturers of fire- 
arms, screw threads, screw cutting lathes, manufacture 
machinery in metric dimensions for export to foreign 
countries, but not for use in the United States. A Phila- 
delphia firm and a New York firm make injectors to the 
metric scale; a Massachusetts and Rhode Island firm 
make drills and gages; one of the largest scale manu- 
facturing companies manufactures metric scales, and one 
of the largest watch manufacturing concerns in our coun- 
try has used metric measures since 1869. Of the 
large steel companies, none use the metric system, ex- 
cept when called for by foreign export trade. The system 
is used almost entirely in the manufacturing of electrical 
goods, and one refrigerator manufacturing company uses 
the metric system in everything that it manufactures, 
except fittings. 

The Solvay Process Co., of Syracuse, N. Y., manufactur- 
ing soda ash and bi-carbonate of soda, uses the metric 
system in every possible way in its extensive works. It 
is not used for lineal measurements. All quantities or 
sub-division of coal or other supplies; the measurements 
of liquors or water; the calculation of heat units, and the 
measures of temperatures are all specified under the 
metric systém. The drawings to go outside of their 
wo.ks for construction, etc., are not made in the metric 
system. The metric system is exclusively used in the 
laboratory and in all chemical work. A number of other 
isolated cases have been brought to the attention of your 
Committee wherein the metric system is in use by indi- 
vidual manufacturing concerns, but it is not thought nec- 
essary to detail them, as they are comparatively few. 
Prominent manufacturers of astronomical and physical tn- 
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struments use the metric system in their measurements 
of parts to replace other parts in instruments of precision, 
where such instruments of precision have been manufac- 
tured in metric countries. In electrical engineering and 
experiments the metric system is almost exclusively used. 

As the result of the investigations that your Committee 
has been able to make, its conclusion is, that thus far, 
the introduction of the metric system in ordinary com- 
mercial lines of the United States, has been very gradual 
and generally confined to cases in which manufacturing 
concerns export to metric countries, machinery made by 
metric scales, for use in such countries. Except as herein 
noted, your Committee is unable to find that the system is 
being introduced into this country to any considerable 
extent, in the way of supplanting our present system of 


weights and measures, for our own use. T) 
study of the metric system is made a part se 
of instruction given in our schools, colleges 
sities. 


THE 3,820-FT. STONE ARCH BRIDGE FOR | © ppyy. 
SYLVANIA R. R., AT ROCKVILLE. ; 


We illustrate in the accompanying 
the general details of the longest ston. 
way bridge in the world. Briefly des - 
bridge will consist of 48 spans of 7() ¢ , ose 
will be 3,829 ft. long, including th: Pek 
widths of the piers. The new bridg. 
the Susquehanna River at Rockville. 
five miles above Harrisburg, Pa. [1 
cated a short distance below the prese: 
vania R. R. double-track bridge, cons: of 
spans of about 160 ft. c. to ¢. of pie: iy 
provide for four railway tracks. The o. 
constructing the east half of the bride. 
let to Drake & Stratton, of Philadelphi 
that for constructing the west half ha- 
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Fig. 3.—Transverse Sec- Fig. 2.—Details of Skew- 

tion Showing Abut- back Stones for 


ment Masonry, Rock- Rockville Bridge. 
ville Bridge. 


to H. S. Kerbaugh, of Philadelphia, Pa. It is ex. 


pected to have the construction completed in tw 
years. 
The great length of the new Rockville Bridge as 


compared with its other dimensions makes it out 
of the question to present a satisfactory illus- 
tration of the whole structure in eleya- 
tion. As, however, the arch and pier construction 
is exactly the same throughout, except at five 
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Longitudinal 

Fig. 5.—Transverse Sec- 
“tion Showing Abut- 
PIER MASONRY, ment Pier Masonry, 
Rockville Bridge. 


points where special abutment piers are | sed, the 
elevation of the three spans at the » st end, 
which is shown by Fig. 1, will serve to —ive our 


readers an adequate understanding of i'- senera 


appearance. The arches are all of 7!) span, 
with a rise of 20 ft. and a thickness of: ¢ of 4 
ins. The arch ring is 91 ft. 7 7-16 ins. lo” on the 
extrados and & ft. 4 5-16 ins. long on intra 


dos. The regular ring stones are 1 ft. 1! | 16 ins 
on theextrados and 1 ft.9 7-32 ins.on the »trados 
There are 46 stones in each ring besid: ve key- 
stone, which is 2 ft. 2 11-16 ins. on th» xtrados 
and 2 ft. %-in. on Ahe intrados. The mor © joints 
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-r, are all %-in. thick. The dimensions 
-back stones are given by Fig. 2. Figs. 
show details of the abutment, pier and 
uction. 
king for the arch rings is Portland 
mnerete and has its top surface dished 
ly of the bridge, so as to facilitate 
to the valleys over the piers. The span- 
» above the backing is ballast on which 
ines of railway tracks are laid in the 
manner. The spandrel walls are rock- 
iar masonry and they are surmounted 
rnice consisting of 18-in. string courses 
ngs projecting outside the planes of the 
walls, as shown by Fig. 4. The total 
* the bridge between the outside edges of 
ng courses is 52 ft. 
tyles of piers are employed to carry the 
Five abutment piers of the cross-section 
, Fig. 5 divide the 48 arches into six sec- 
eight arches each. Between the abut- 
rs the arches are carried by thinner piers 
nstruction shown by Fig. 4. Both forms 
are generally rectangular in plan, with 
ped ice breaker on the upstream end. 
walls are of rock-faced ashlar masonry 
backing is of concrete. Exactly the same 
* construction is employed for the abut- 
masonry, as is shown by Fig. 3. 


: In plan the bridge maintains the standard width 


2 ft. at coping level throughout its whole 
h. except for the three spans nearest the 


‘NEW UNION STATION FOR THE PENNSYLVANIA R. R. 


R., by Mr. H. S. Righter, under the direction of 
Mr. Wm. H. Brown, Chief Engineer. The con- 
struction work will be supervised by Mr. H. S. 
Righter and Mr. Geo. Nauman, Assistant Engi- 
neers. 


AT PITTSBURG, PA. 

The accompanying drawing shows the design 
adopted by the Pennsylvania R. R. Co. for its new 
union staiion and general office building at Pitts- 
burg, Pa. The building is 175 x 352 ft. in plan, 
and was designed by D. H. Burnham & Co., Ar- 
chitectsa, of Chicago, Ill Briefly described, the 
ground floor will be occupied by the Adams ex- 
press and the baggage rooms, U.S. mail rooms, and 
the kitchen for the restaurant. There will be a 
depressed wagon way from Grant St. into this 
lower floor for baggage and express wagons, and 
also an opening from Liberty St. The train floor 
will comprise the waiting room, dining room, res- 
taurant and the usual toilet and smoking rooms, 
and have a high ceiling and be quite ornamental. 
The approacnes to the waiting room will be by an 
inec‘ined drive for cabs from Grant St. to the level 
of the train floor, which will be about 14 ft. above 
the present floor, and the tracks in the train shed 
will be elevated in order to bring them to the same 
level. 

Above the waiting room will be ten stories for 


UNION STATION AND GENERAL OFFICE BUILDING FOR THE PENNSYLVANIA 
R. R., AT PITTSBURG, PA. 


D. H. Burnham & Co., 


West end 


. Where the north spandrel wall curves 

das the abutment is approached until 

* wdth attained is 68 ft. at the springing line 

ft at the coping level. This modification is 

rovide for the curve to the north which 

‘ay line takes on the west side of the 

rit \s the bridge is designed the base of rail 

: ') ft. above the surface of the water at 

‘avy stage. The springing line level was 

nearly the same elevation as the great 

ne 2, 1889, thus ensuring ample water- 

sen ll probable conditions. For the other 

construction the reader is referred 
ngs Figs. 1 to 5, inclusive. 

a for this bridge were prepared in the 

Department of the Pennsylvania R. 


iY 


Chicago, Ill., Architects. 


offices, to be occupied by the Superintendent of the 
Pittsburg Division and the Division Freight 
Agents of the main line; the Allegheny Valley Ry. 
Co.’s general office, including Superintendent and 
Auditor’s Department, and the General Offices of 
the Pennsylvania Co.’s Lines, west of Pittsburg. 
The tracks leading to the Pittsburg, Fort Wayne 
& Chicago R. R., which now crosses Liberty St., at 
grade, will be elevated so as to give not less than 
14 ft. of clearance for street cars and ordinary 
street traffic. This elevation will be continued to 
the west side of the Allegheny River, so as to 
avoid all grade crossings in the city of Pittsburg. 
We are indebted to Mr. Wm. H. Brown, Chief En- 
gineer Pennsylvania R. R., for the information 
from which this description has been prepared. 


ACCIDENT TO THE VAN BUREN STREET BRIDGE, 
CHICAGO. 


An accident to the Scherzer bascule bridge over 
the Chicago River, at Van Buren St., occurred 
on May 2. The bridge had been raised to let a 
vessel pass, when the east leaf broke away from 
the operating strut and fell to the closed position, 
crashing down upon the vessel. Each leaf is sup 
posed to be counterbalanced to stand normally at 
an inclination of about 45° above the horizontal 
and it was reported that some of the counter 
weights had been removed, thus throwing addi 
tional strain on the connection with the operating 
strut and permitting the leaf to fall when this 
connection broke. Nobody was hurt. 

An investigation shows that the steel casting 
on the end of the operating strut, which carries 
the pin attaching the strut to the center truss, 
broke short off just behind the boss in which the 
bearing for the pin is formed. The fracture dis 
closed a very large blow hole in the metal, a fis 
sure from which extends nearly to the outsid 
of the casting, in the fillet between the web and 
the boss. 

The casting referred to has two bosses with 
bearings for pins, connected by a vertical web, 
while another web projects beyond the outer boss; 
the detailed construction may be seen by reference 
to the illustrations of this bridge in our issue of 
Feb. 21, 1895. The casting which failed is shown 
in Fig. 5 on the inset sheet in that number. The 
center boss carries the pin in the top chord of the 
truss, and the rear boss carries the pin at the end 
of the operating strut, while the outer web is the 
pin which operates the lock. This style of connec 
tion is not used in the later Scherzer bridges, th. 
casting being dispensed with. . 

This was the first bascule bridge of the Scherzer 
type, and was built in 1895, under the direction of 
Mr. Samuel G. Artingstall, M. Am. Soc, C. E., 
City Engineer, and Mr. W. R. Roberts, City Bridge 
Engineer. The contract for the superstructure 
was first let to Mr. A. Gottlieb, but after his death 
it was relet to Mr. C. L. Strobel, who had the 
structural work manufactured by the Elmira 
Bridge Co., of Elmira, N. Y., and the machinery 
built by the Scaife Foundry & Machine Co., of 
Pittsburg, Pa. 

According to the best information obtainable, 
the accident was caused primarily by the defec 
tive casting, but the fracture of this followed a 
failure of or improper handling of the brakes 
When the bridge was raised to its full height, the 
bridge tender applied the air brakes, but these re- 
fused to work in the beginning, and as a conse- 
quence the man applied the hand brakes. These, 
however, were insufficient to check the bridge in 
its downward course, owing to the momentum it 
had gained. The air brakes then suddenly got 
into action, and the sudden shock caused thereby 
was sufficient to break the defective cast-stee! 
knuckle joint, the fracture showing a blow-hole 
amounting to from 18 to 20% of the total cross- 
section of the joint. Of course, the bridge con- 
tinued downward, but the speed was checked by 
the jerk from the operating strut, and it conse- 
quently stopped before reaching its lowest posi- 
tion. 

With reference to the alleged removal! of coun- 
terweights, noted above, Mr. Scherzer, the Presi- 
dent of the Scherzer Bridge Co., asserts that some 
of the counterweights had been removed. The 
city authorities deny this, however, and state 
that the dampness of the floor, and the 
addition at one time made by the street railway 
company to carry its trolley wires, have made the 
bridge a little heavier on the river arm than the 
counterweight. In any event it is claimed that 
the proper operation of the bridge depends not so 
much upon the exact counterweighting of the 
bridge as upon the way in which the machinery 
handles it. 

The present condition of the bridge is said to be 
az good as it has been for the last three or four 
years, with the exception that the pliers on the 
west side have settled, owing to the excavation 
of the by-pass between the abutments and the 
front pier; thereby disturbing the conditions of, 
the heel lock. On account of dredging in the river 
by the Sanitary District, the air pipe and all th: 
electrical cables transferring electricity from one 
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side of the river to the other in case one power 
house is broken down, have been removed, and 
this makes it somewhat difficult at times to handle 
the bridge. The bridge broke down at 9.25 a. m. 
on May 2, and was repaired by 3 a. m. of May 4. 
IHE REASON AND A REMEDY FOR THE DISAPPEAR- 
ANCE OP TELESCOPE CROSS-WIRES. 
By J. C. L. Fish.* 

Students of surveying are often troubled, when 
observing an object through the telescope of a 
transit or level, by the fading of the cross-wires. 
It is the object of this paper to make plain the 
cause of this trouble and show how it can be pre- 
vented. 

The objective forms within the telescope the 
image of an object which lies without. The 
distance from the objective to the image depends 
on the distance between object and objective. If 
the object is at first 20 ft. from the objective, and 
this distance be increased to 2U miles, the image 
will move toward the objective by only about 
1 in. 

The cross-wires are fixed in the tube at a point 
such that, by moving the objective in or out, the 
image can be brought to their plane, provided the 
object be not less than about 2U ft. from the ob- 
jective. If the objective be run out till the image 
comes precisely into the plane of the cross-wires, 
the image and the wires must be at exactly the 
same distance from the eye; and therefore the 
eye, when adjusted to see one most distinctly, 
must be in adjustment to see the other most dis- 
tinctly. Thus when the attention is transferred 
from the wires to the image the former cannot 
fade. 

If, however, the image lies before or beyond the 
wires, the eye, when focussed to see one distinctly, 
is not in condition to see the other distinctly. The 
eye can adjust itself to see either plainly, but it 
cannot be brought to see both plainly at the same 
time. 

The eye-piece serves only as a magnifying glass 
with which to see the image better; and what is 
said above is equally true when the eye-piece is 
placed between the eye and the image. 

The following simple experiments may serve to 
make plainer the above statements: (1) Look 
through a screened window at a landscape. 
Though the bars of the screen are kept in mind, 
they are searcely seen. Transfer the gaze to the 
bars of the screen. As soon as the eye is read- 
justed for the shorter distance the bars become 
distinct, while the landscape fades. (2) Return 
the gaze to the landscape. The eye changes focus; 
the bars fade; and the landscape becomes again 
distinct. It will be noticed that the eye readjusts 
itself more easily and quickly for the landscape 
(which is large) than for the bars of the screen 
(which are small). 

After a little practice the eye can be kept in an 
adjustment proper for an intermediate distance, 
when the screen and the landscape will appear to 
be equally distinct, but both much blurred. 

The same thing occurs on looking into the tele- 
scope, When the image and the wires are not in the 
same plane, i. e., when both are not perfectly dis- 
tinct. This is because the eye becomes focussed 
for a point midway between the image and the 
wires, when both are seen, though indistinctly. 
The observer changes the focus of his eye to see 
the image more distinctly and the wires fade par- 
tially or entirely. 

(3) Look at the hand held between the eye and 
the screen. Transfer the gaze to some object in 
the landscape. The eye, in changing its focus for 
the new distance, focuses for every intermediaie 
distance; and the focus at some instant is just 
right for the intermediate distance of the screen, 
which for that instant becomes distinct. 

To avoid the fading of the wires it is then only 
necessary to insure that the image is in the plane 
of the wires when making an observation. To do 
this proceed as follows: Direct the telescope to- 
ward the sky, and move the eye-piece in and out 
till the wires appear as distinct as possible. (This 
is the adjustment for parallax usually given.) 

When about to make an observation, direct the 
telescope toward the object to be observed, and, 
keeping the gaze directed at the cross-wires,t 


*Palo ‘Alto, Cal. 
+This direction is given in Raymond’s “Surveying. 


move the objective in and out till the image ap- 
vears to be as distinct as the wires. 

The image ought now to be precisely in the plane 
of the wires, but owing to poor judgment the 
image may be taken to be as distinct as the wires 
when it is not. In this case there will probably 
be some fading of the wires when the gaze is 
turned to the details of the object. 

If such is the case, move the eye about within 
the limits of the eye-piece opening. This motion 
will produce an apparent movement of the wires 
over the object, for the two are not precisely in 
the same plane. While moving the eye thus, very 
slowly move the objective in and out (through a 
very short amplitude) until this apparent move- 
ment of the wires becomes zero. The image is 
now precisely in the plane of the wires. 

If an observation be made on a leveling rod 
while the rod and wires are not both at once per- 
fectly distinct (i. e., while the image of the rod 
is not precisely in the plane of the wires), the rod 
reading will vary with the position of the eye at 
the eye-piece. This accounts for the fact that 
students, though using a well-adjusted level, equal 
back and fore sights and a good rodman, find it 
sometimes impossible to make their levels “‘check,”’ 
even between closely adjacent bench-marks. 
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MECHANICAL ENGINEERS’ POCKET-BOOK FOR 1900. 
—Edited by William H. Fowler, Wh. Sc., M. I. Mech. 
E., M. Iron & Steel Inst. Manchester: The Scientific 
Publishing Co. New York: D. Van Nostrand Co. 
on 4 x 6 ins.; pp. 499; tables and illustrations; 

00, 


There are several new features about the hand-book 
under consideration. First, it is issued yearly, making it 
possible to keep the information thoroughly up to date. 
Secondly, because of the large number of advertisements 
inserted, it is possible to sell the book at what seems to 
be a comparatively low price considering the amount of 
material given and the mechanical make-up. The adver- 
tising pages are not inserted between the reading pages. 
In regard to the first point, we note that the portions 
relating to electrical engineering, high steam-pressures, 
machine tools, textile machinery, refuse destructors and 
gas engines are especially good. The usually unsatis- 
factory treatment of mathematics and mechanics found in 
most hand-books is omitted, but many mathematical 
tables are given. There is a similar absence of definitions 
of elementary terms. On the other hand, there is a great 
abundance of information upon live engineering topics. 
The book is suited for the use of the practicing engi- 
neer, rather than that of the student. We can suggest 
only an enlargement of the work along its present lines. 


POWER TRANSMITTED BY ELECTRICITY AND AP- 
PLIED BY THE ELECTRIC MOTOR.—By Philip At- 
kinson, Ph, D. Second edition, revised and new mat- 
ter added. New York: D. Van Nostrand Co. Cloth; 
5x 7% ins.: pp. 241; 94 illustrations. $2.00. 

The first edition of this book was published under the 
title, ‘“‘The Electric Transformation of Power.’’ In the 
present edition new matter and illustrations have been 
added relating to developments in the electrical field dur- 
ing the last five years. The book is intended for non- 
technical readers and is by no means free from the incor- 
rect and loose statements in which books of this class 
usually abound. 

it is to be regretted that the writers of these books are 
not more careful in their use of technical language. 
Statements intended for beginners and lay readers should 
be first of all clear and precise. To illustrate, in the book 
before us the terms power and energy are used as en- 
tirely synonymous. Now, in order to make even the most 
elementary calculations relating to the size of a motor 
and the work it is to do, it is necessary to distinguish 
between the entities that these terms represent. It is 
well to remember that ideas about engineering matters 
must be definite if they are to serve as a guide to action. 


NOTES AND PROBLEMS on the Adjustment and Use of 
Engineering Instruments, including Forms for Field 
Notes for the use of Students in Topographic Engi- 
neering.—By Leonard S. Smith, Assoc. M. Am. Soc. C. 
E., Assistant Professor of Topographic and Geodetic 
Engineering in the University of Wisconsin: The Uni- 
versity Co-operative Association, Madison, Wis. 4% x 
644 ins.; leather, pocket-book form; pp. 52. 75 cts. 


This little book is the outgrowth of the series of mineo- 
graph instruction papers used by Prof. Smith for several 
years past in the instruction of the students in field work 
at the University of Wisconsin. The five chapters which 
the book contains are devoted respectively to the use of 
chain and tape, use of the compass, use of the level, use 
of the transit and office work in connection with surveys, 
and finally topographic surveying. Nearly the entire 
space of each chapter is devoted to the statement of 
problems or exercises, of which there are 55 in all. In 
each the task to be performed is definitely stated, and the 
student is given such instructions, and only such, as are 
necessary to enable him to perform the work with the 
knowledge already gained in the class room. 

As the problems refer frequently to the special locations 


where the work is to be done, the book is ha 

able for class use at other institutions. Th 

in teaching surveying, however, cannot fai] : 
able hints in it as to methods of carrying on :) 

ANNUAIRE DE L'OBSERVATOIRE MUN! 
PARIS, DIT OBSERVATOIRE DE Mm RIs 
Pour l’anne 1900, Analyse et Travaux de 1s fans 
ologie, Chimie, Micrographie, applications we 
Paris: Gauthier-Villars, 55 Quai des Gra: wo 
tins. Paper; 6x 3% ins.; pp. 578: 60 

This annual has been published since 1872, an 
the work of the departments of physics and 

of the city of Paris, and the neighborhood. 7: 

reports cover the variations in the compositi 

the different quarters of Paris; the variation | 
cal components of water distributed for pub!) 
service; the chemical characteristics of city 
that of the outfall into the river; the unders 
of Paris, as found in wells; the charact 

water of the Seine throughout its whole le; 
mospheric conditions. This department als 

the methods of filtration and purification o: 

posed in Paris. The micrographic servic: 

the bacteria of the air, soil and water, and es; 
the number and nature of organic dust part 
free and in confined air spaces; the first cove: 
streets and parks, the latter the air in hi 

sewers, etc. This annual also contains mu} 

detailed information about Paris and its imm: 

borhood. 

SCHOOL SANITATION AND DECORATION 
cal Study of Health and Beauty in their R 
the Public Schools. By Severage Burrage, 
fessor of Sanitary Engineering in Purdue [ 
and Henry Turner Bailey, State Supervisor 
ing, Massachusetts. Boston: D. C. Heath & : 
6 x 9 ins.; pp. XVI., 191; 52 plates and 2% fivireg jy 
the text. Price, $1.50. 

One’s first impression of this volume is that s 1 dec- 


oration is made more prominent than schoo! s ition, 
but this is due to the numerous well-chosen an! beauti- 
ful illustrations which cannot fail to attract the eye of 
any one who gives the book even a casual examination. 
Both divisions of the volume are treated in a most ad- 
mirable manner. Sanitation is made to include nearly 
everything affecting the health of pupils, from the 
site, design and construction of the building to its fit- 


tings, furnishings, heating, ventilation, lighting and 
the medical inspection of school children. Likewise deeo- 
ration is used in a very broad sense to include al! the 
artistic features of the building, from its genera! design, 
the material, finish and colors of the interior to the deco- 
rations in a more limited sense, and even to questions of 
artistic taste in the rendering of exercises involving writ- 
ing, drawing and other work of the hand and eye. Gym- 
nastics and manual training are not discussed, but atten- 
tion is called to the advantages of having baths connected 
with the public schools, especially in sections where no 
proper facilities for bathing are to be found in the homes 
of some of the pupils. 

One of the best things about the book is that its field 
of usefulness is not limited to schools, but may be ex- 
tended into all homes, especially homes where tliere are 
children. This is particularly true of the decorative, or 
more properly the artistic features of the book, since it is 
probable that home sanitation is now receiving far more 
wise attention than home decoration, boards of health 
ministering in one case, but there being no corresponding 
oversight in the other. 


THE PREVENTION OF FACTORY ACCIDENTS.-~-Being 
an account of manufacturing industry and accident, 
and a practical guide to the law on the safe-guarding, 
safe-working and safe-construction of factory machin- 
ery, plant and premises. With 20 tables and 120 il- 
lustrations. By John Calder, Whitworth Scholar, 
sometime Her Majesty’s Inspector of Factories for 
thé North of Scotland. London and New York: Long- 
mans, Green & Co. Cloth; 7% x 4% ins.; pp. 32; 
illustrated. $2.50. : 

While this work is based upon Bnglish practice and 
English law, very much of its contents are applicable 
to our own country, in all that relates to the safe con- 
struction and operation of machinery. As showing the 
necessity for legislation and forced attention to the better 
safety of workmen, the author notes that in 180s, ()rough- 
out the United Kingdom, 3,897 persons were killed and 
79,727 were more or less injured in the peacefu! pursult 
of industry. This is a casualty list considerably exceed- 
ing that of some famous campaigns. The autor, by 
means of tabular returns, goes into the details o! these 
factory accidents, and follows this with the legisiaiion en- 
acted; the employer’s liability for accident, and the Work- 
men’s Compensation Act of 1897. This act gives ‘» work- 


men, or in case of death to their dependents, defi: com- 
pensation for all personal injuries by accident ar<.ng out 
of, or in course of specified employments. The «  speci- 


fies the amounts to be paid—if claim is made w 2 six 
months of the accident. The more valuable par of the 
work to American readers relates to the causes ©. ‘actory 
accidents and to the method of safe-guarding © sines, 


mill-gearing, hoists and lifting-tackle, dangers: ma 
chinery, etc. The author describes and illustra these 
methods and gives the reasons for their adopti Fire- 


resisting construction and fire-escapes; first a ‘o the 
injured, and the full text of the English law on © cident 
and safety in factori#s, conclude the work, w 4 /8 4 
valuable contribution to the literature of this | portant 
subject. 
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